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Over the past decades, considerable research efforts have been devoted to the 
development of various ancillary ligands, such as alkoxy, amido, and amidinato ligands, 
as alternatives to cyclopentadienyls in organometallic chemistry. W e are interested in 
the chemistry of metal complexes supported by sterically demanding amido and 
amidinato ligands. Pyridine-fUnctionalized amido ligands of the type [N(R)(2-
C5H4N)]" and benzamidinates [PhCCNR^]" are closely related to and isoelectronic with 
each other when they are bound to a metal center in an K -^coordination mode. Our 
research work focuses on the chemistry of low—valent transition-metal complexes 
containing sterically demanding pyridine—flinctionalized amido ligands and 
benzamidinate ligands. 
Chapter 1 describes the synthesis and structures of iron(ll) and cobalt(Il) amides. 
By employing the pyridine—functionalized amido lignads [N(SiMe3)(2—C5H4N)]- (L) and 
"N(SiMe3)(2-C5H3N-6-Me)]~ (L^ ), four isostructural mononuclear metal(Il) diamides 
[M(L”)2(tmeda)] [M = Fe, « = 1 (5)，n = 2 (7); M = Co, « = 1 (6), n = 2 (8); tmeda = 
NJ^J^ ^-tetramethylethylenediamine] have been synthesized by the reaction of 
anhydrous metal(ll) chlorides with two molar equivalents of the appropriate lithium 
amides [Li(L")(tmeda)] [n = 1 (2a); n = 2 (2b)]. 
In Chapter 2，the reactions of the iron(ll) and cobalt(ll) diamides 7 and 8 with 
bulky protic reagents are described. Protolysis of 7 and 8 with the bulky 2,2'-
ethyldienebis(4,6-di-/^ r/-butylphenol) gave the corresponding monomelic metal(II) 
办zXaryloxide) complexes [M{(OC6H2Bu'2"4,6)2CHMe} (tmeda)] [M = Fe (9), M = Co 
(10)]. 
V 
Treatments of 5 and 6 with 3,5-dWer^-butylcatechol afforded the corresponding 
iron(Il)- and cobalt(II)—catecholate complexes [Fe(LiH)2(dbc)]2 (11) and 
:Co(dbc)(tmeda)]2 (12)，respectively. The reactivities of 11 and 12 toward dioxygen 
have been studied and identification of the resulting oxidative degradation products has 
been carried out using G C M S analysis. 
Chapter 3 deals with the synthesis and structural characterization of a series of 
metal benzamidinate complexes. The lithium benzamidinate 
[Li{PhC(NSiMe3)(NAr)}(tmeda)] (Ar = 2，6-Me2C6H3) was prepare by treatment of 
benzonitrile with the lithium anilide [Li {N(SiMe3)( Ar)} (tmeda)]. With the 
unsymmetrical benzamidinate ligand [PhC(NSiMe3)(NAr)]" ) (Ar = 2，6"Me2C6H3)， 
the corresponding mononuclear Fe(Il) and Co(ll) benzamidinate complexes have been 
successfully prepared and characterized. Treatment of FeCl〗 with one equivalent of the 
lithium reagent [Li(L^ )(tmeda)] (15) gave the mono(benzamidinate) complex 
[Fe(L^ )(Cl)(tmeda)] (17), whereas the reaction of FeCl〗 with two equivalents of 15 
afforded the Z?/5(benzamidinate) [Fe(L^ )2(tmeda)] (18). On the other hand, treatment of 
C0CI2 and NiCl2 with two equivalents of 15 gave the binuclear [{Co(L^ )2}2'(tmeda)] (19) 
and the mononuclear [Ni(L^ )2] (21)，respectively. 
In addition to the late transition-metal derivatives 17-19 and 21, the coordination 
behavior of the benzamidinate ligand L^ toward other metals was also investigated. The 
syntheses of dimeric [Cu(L^ )]2 (22) and mononuclear [Zn(L^)(CI)(tmeda)] (23) and 
[Cd(L')(Cl)(tmeda)] (24) are described. 
The molecular structures of complexes 15-24 have been elucidated by X-ray 
crystallography. The benzamidinate ligand L^ coordinates to the metal centers of these 















構的單核金屬雙胺基配位的配合物([M(I/)2(tmeda)] [M = Fe, “ = 1 (5), n = 2 (7); M = 
Co,«=l (6), n = 2 (8); tmeda =四甲基乙二胺])被合成。 
第二章講述了二價鐵和二價钻的二胺基配合物7和8和有位阻的質子化試劑之 
間的反應。7和8與2，2’-亞乙基雙(4，6~二叔丁基苯酸)通過質子遷移反應，可得到相 
應的單核雙芳氧基二價金屬配合物[M{(OC6H2Bu、~4,6)2CHMe}(tmeda)] [M 二 Fe (9), 
M 二 Co (10)]。用3,5-二叔丁基苯二酣處理化合物5和6，可分別得到相應的苯二酣 
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CHAPTER I. SYNTHESIS AND STRUCTURES OF 
IRON(II) AND COBALT(II) COMPLEXES 
DERIVED FROM PYRIDINE -
FUNCTIONALIZED AMIDO LIGANDS 
1.1 INTRODUCTION 
1.1.1 General Background 
A metal amide is a compound which contains one or more [NRR']" ligand(s) (R, 




Amido ligands represent a class of versatile ligands which form stable complexes with 
almost all elements. The studies of metal amides date back to 1856 when Frankland 
reported the preparation of the first metal amide, Zn(NEt2)2，which was obtained by 
reacting diethyl zinc with diethylamine? Until the mid century, development of 
amidometal chemistry was slow. 
The foundation of amidometal chemistry was pioneered by Burger, Wannagat, 
Bradley and Lappert in the 60s，and TOs'.''^ '"^  The studies were motivated mainly by an 
exploration of the reactivities of metal-nitrogen bonds, in comparison to those of the 
metal-carbon bonds. Interest in amidometal complexes stagnated during the period 
from the 70s’ to the late 80s', as a greater effort was devoted to the studies of 
metallocenes at that time, with special interests being devoted to those of Group 4 metal 
derivatives because of their potential applications as polymerization catalysts. 
1 
In the late 80s，，considerable research efforts have been devoted to the 
development of various ancillary ligands, such as alkoxy and amido ligands, as Cp 
alternatives in organometallic chemistry (Chart 1.1)/ 
_ N o ： I 
M M M 
Chart 1.1 
Among the three types of ligands shown in Chart 1.1，amido ligands are 
particularly interesting because they offer a greater potential in ligand design and, hence, 
a modification of the reactivities of the corresponding amidometal complexes, through 
variation of the electronic and steric requirements of the substituents attached to the 
nitrogen center. Some representative examples of amido ligands are illustrated in Chart 
1.2.3，4’5C’6 
MeaSi .SiMes Ph ^Ph PhsMeSi、/SiMePh? 
N ^ N N 
0 0 0 
Wannagat Frbhlich ef a/. Power ef a/. 
Lappert, Bradley 
Chart 1.2 
Recently, the chemistry of 7V-fimctionalized amido ligands has attracted much 
attention (Chart 1.3)."’ These ligands have been shown to be capable of stabilizing a 
number of main-group and transition metal amides with intriguing molecular structures. 
2 
e e 
Raston et al. Kempe et al. 
I o I 
r ^ r \ i -甲z、甲— 
人 〜 S — e 2 A A A ^ O： ' ^ 
Lee et al. Scott et al. Kempe et al. 
Chart 1.3 
It is noteworthy that these ligands can exhibit a number of coordination modes, namely, 
as monodentate A^ -centered ligands, and bidentate A^ ,A^ -chelating or A^^-bridging 
ligands (Chart 1.4). 
R R R ^ 
rX^i 
\ rji Ri 、 八 hT ^ N N N N 
I \ / / \ 
M M M M 
Chart 1.4 
1.1.2. A Brief Review on Amides of the Late Transition Metals 
Although early transition metal amido compounds have been extensively studied, 
low-valent late transition metal derivatives have received relatively scant attention. The 
scarcity of the latter complexes may be attributed to an unfavorable combination of the 
"hard" amido ligands and the “soft” late transition metal centers which renders the metal— 
3 
nitrogen bonds to be unstable.i。" Alternatively, the "reluctance" of the low-valent late 
transition metal center to function as a tt—acceptor for the lone pair electrons of the amido 
moiety through a p—d Ti-bonding interaction may also impose an unfavorable effect on 
the stability of the M - N bonds. 
Common strategies for the synthesis of amides of the late transition metals usually 
involve the incorporation of “soft” phosphine donors as supporting co-ligands, or by 
employing amido ligands which contain sterically demanding alkyl- and aryl-
substituents. 
Early examples of late transition metal amides are the Fe(III) amide 
Fe[N(SiMe3)2]3 and the Co(ll) derivative Co[N(SiMe3)2]2, which were obtained by salt 
elimination.4a,4b The study was later extended to their Ni(ll) counterpart. The reaction 
of Nil2 with Na[N(SiMe3)]2] in THF afforded a thermally unstable red oil, presumably 
Ni[N(SiMe3)2]2.3b On the other hand, treatment of [NiCl2(PPh3)2] with LiN(SiMe3)2 
resulted in reduction of the Ni(ll) precursor to give [Ni[N(SiMe3)2](PPh3)2]产 
The Fe(ll) derivative of Z?w(trimethylsilyl)amide, Fe[N(SiMe3)2]2, was reported by 
Lappert and co-workers.^ ^ Both the Fe(Il) and Co(ll) amides [M[N(SiMe3)2]2] (M = Fe, 
Co) are monomeric in the gas phase.^ ^ However, in the solid state, these complexes 
consist of a dimeric amido-bridged structure with three-coordinate metal centers^ 
Other examples of low-valent late transition metal amides include the monomeric 
[Fe[N(SiMe3)2]2(THF)]5f and monomeric [M[N(SiMe3)2]2.ClLi(THF)3] (M = Fe, (：0)产’8 
and the anionic [M[N(SiMe3)2]3]-.9 
Besides the Z?/5(trimethylsilyl)amido derivatives, Fe(ll) and Co(ll) amides derived 
from the diphenylamido lignad [NPh?]- have also been reported. Frohlich and co-
workers have reported the dimeric species [Co(NPh2)2]2.^  The correct structure of the 
4 
compound was determined a few years later by Power and co-workers.^^ 
Using the sterically demanding Z)/5(diphenylmethylsilyl)amido ligand, Power et al. 
have successfully synthesized and structurally characterized the monomelic 
[M[N(SiMePh2)2]2] (M = Fe, Co)产 
In addition to homoleptic metal amides, a few heteroleptic compounds have also 
been reported in the literature. By employing a tridentate uninegative ligand 
[N(SiMe2CH2PPh2)2r which contains both the hard amido donor and the soft phosphine 
donors, Fryzuk and co-workers have successfully synthesized a series of amido 
complexes of the nickel triad: [MCI{N(SiMe2CH2PPh2)2}] (M = Ni, Pd, Pt)]' Other 
examples of heteroleptic nickel(ll) amides include the monomeric trans-
[Ni(PMe3)2(NHAr)(Ar，)] (Ar = Ph, 2，6-Pr^ 2C6H3; Ar，= Ph, 2，4，6-Me3C6H2).i9 
Recently, a few Fe(ll) and Co(Il) amido complexes containing pyridine-
flinctionalized amido ligands have been reported. These include the trinuclear 
[Co3(dpa)4Cl2] (dpa = di(2-pyridyl)amide) reported by Cotton et 以/”⑴ and the 
mononuclear [FeLJ and binuclear [(ML2)2.(tmeda)] (M = Fe, Co; L = N(SiBuTV[e2)(2— 
C5H3N—6-Me)) recently prepared in our laboratory， 
1.2 OBJECTIVES OF THIS WORK 
In recent years, considerable research efforts have been devoted to the chemistry 
of A/-functionalized amido ligands. They have been shown to be capable of stabilizing a 
number of amido complexes of the main-group, transition metals, and户elements. 
W e are attracted to the chemistry of amidometal compounds, with those of the 
low-valent late transition metals in particular. W e reason that both steric and electronic 
properties of substituents attached to the amido nitrogen center do exert a significant 
5 
influence on the structures as well as the reactivities of the corresponding metal amides. 
Recently, the sterically very demanding amido ligand [N(SiBu'Me2)(2—C5H3N-6—Me): 一 
(L—) has been developed in our laboratory."，^^  Accordingly, the mononuclear Fe(ll) 
amido compound [FelJ and the binuclear Fe(II) and Co(II) derivatives [(ML〗):.(tmeda): 
(M = Fe, Co) have been successfully synthesized. The molecular structures of the 
binuclear compounds consist of an unusual TV,TV-bridging tmeda ligand, which links the 
two (ML2) moieties together. It is believed that the sterically very congested ligand 
environment around the metal center prohibits the tmeda ligand from binding to the metal 
center in the commonly observed chelating mode. As part of our continuous studies 
toward late transition-metal amido compounds, it is our intention to investigate the 
structures and reactivities of late-transition metal amides containing less bulky pyridine-
functionalized amido ligands. 
In the first part of our research work, we focused on synthetic studies of Fe(ll) and 
Co(II) amides containing the sterically less demanding A^ -flinctionalized amido ligand 
[N(SiMe3)(2-C5H3N—6-R)]— (R = H, MeV〗’ ^^  The molecular structures of the 
amidometal complexes were determined by single-crystal X-ray crystallography, which 
revealed that a less bulky ligand environment allows a bidentate coordination of the 
tmeda molecule to the same metal center, resulting in 6-coordinate metal complexes. 
The reactivities of the metal amides toward the protic reagents 2-MeCH(OAr，)2 (Ar’ = 
4,6—Bu'2C6H2) and 3,5—Bu'CeHaOH have also been investigated. 
6 
1.3 RESULTS AND DISCUSSION 
1.3.1 Alkali Metal Derivatives of TV-Silylated 2-Aminopyridines 
1.3.1.a. Synthesis of Aminopyridines [HN(SiMe3)(2-C5H3N-6-R)] (R = H (la), Me 
(lb)) and Their Lithium Derivatives. 
The A^ -silylated 2—aminopyridines 1 were prepared by treating the appropriate 
aminopyridines with LiBif followed by McsSiCl, according to modified literature 
procedures (Scheme 
I .LiBu", Et20, r . t . ,4h J ^ J ^ ^SiMeg 
I R N N 
R 八 N NH2 2. MesSiCI, Et20, r.t., 8 h H 
1a: R = H 
1b: R = Me 
Scheme 1.1 
The trimethylsilylaminopyridine la was readily lithiated with LiBu", in the presence of 
tmeda, to afford the corresponding lithium amide [Li {N(SiMe3)(2—C5H4N)} (tmeda)] (2a) 
in 76% yield (Scheme 1.2). During the course of our studies, Clegg and co-workers 
have reported the preparation and molecular structures of the alkali metal derivatives of 
la supported by 12-crown-4 ether.The lithium derivative of the 6—Me substituted 
aminopyridine 2b was obtained as described by Raston et al}^ 
7 
A 
R 人N 人 hrSiMe3 
LiBu", tmeda, � N 
EtgO, xX.AJ}^^^ 
r f ' ^ 2a: R = H 76% 
I / oiKyip 2b: R = Me 62% 
R人N人N』Me3 
H ^ ^ N 
0.5eq.UBu", i!^ /SiMes _ 
Et20, r.t., 12 h MeaSi^  N N N ) 
_ R = H) 犬 
� V SiMe3 
MegSi f I 
3 46% 
Scheme 1.2 
On the other hand, lithiation of la with 0.5 molar equiv of LiBif，in the absence 
of tmeda, gave the dimeric lithium amido derivative 3，in which a free ligand molecule 
remains bound to each lithium center via its pyridyl nitrogen. 
1.3.1.b. Synthesis of the Potassium Derivative [{K(L^)(tmeda)}2] (4) 
A potassium derivative of L^ was also synthesized and characterized. Treatment 
of compound la with equimolar amount of KBu", in the presence of 1 equiv of tmeda, 
afforded the dimeric [{K(L^)(tmeda)}2] (4) as colorless crystals (Scheme 1.3).谷 
I / .SiMeg 
、 八 N \ / 
I ’ KBu"，tmeda, Et20 ^ k ^ ^ I 





§ The analogous sodium derivative of V was prepared and structurally characterized during the submission of this 
thesis. 
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I.3.I.C. Physical Characterization of Compounds 2a, 3 and 4 
The new alkali metal amides 2a, 3 and 4 were characterized by and 丨 C^ N M R 
spectroscopy, melting-point measurement, and elemental analysis, in addition to single-
crystal X-ray crystallography. The compounds are soluble in diethyl ether and toluene. 
Table 1.1 lists some physical properties of the compounds. 
Table 1.1. Some physical properties of compounds 2a, 3，and 4. 
Compound Yield (%) Color M.p. (。C) 
2a 76 Yellow crystals 108-110 
3 46 Colorless crystals 111-114 
4 62 Colorless crystals 102—104 
The iH and ^^ C N M R spectra of 2a, 3 and 4 display one single set of signals, 
which are consistent with the molecular structures of the compounds as shown in 
Schemes 1.2 and 1.3. Results of elemental analysis were consistent with the empirical 
formula of the compounds, although attempts to obtain better analytical data were 
unsuccessful due to the extremely high sensitivity of the compounds toward air. 
9 
1.3.1.d. Molecular Structures of Compounds 3 and 4 
1. Molecular Structure of Compound 3 
Crystals of compound 3 suitable for X-ray diffraction studies were obtained from 
diethyl ether. Figure 1.1 depicts the solid-state structure of compound 3 with the atom 
numbering scheme. Table 1.2 lists the selected bond distances and angles of the 
compound. 
Compound 3 crystallizes in a monoclinic crystal system with space group Pljc. 
The asymmetric unit consists of a dimeric structure with the two lithium centers being 
bridged by a pair of the amido ligands L^ to form a planar (LiN)〗 structural motif. 
Coordination of a pyridyl nitrogen from a free ligand molecule L^H resulted in a distorted 
tetrahedral environment around each lithium atom. 
The observed Li-Namid。bond distances of 2.079(4) and 2.187(4) A in 3 are slightly 
longer than those of 2.057(2) A in [Li{N(SiMe3)(2—C5H4N)}(12C4)] (12C4 = 12-crown-
4 ether)；' 2.02 人 in [Li{N(SiMe3)(2-C5H3N-6-Me)}(tmeda)]；' and 1.989(3) A in 
[Li{N(SiBuTM:e2)(2-C5H3N-6-Me)}(tmeda)].i6a The Li-N—yi distance of 2.085(5) A 
[Li(l)-N(2A) and Li(lA)-N(2)] and 2.052(4)入[Li(l)—N(4)] are comparable to those of 
2.06 A observed in [Li {N(SiMe3)(2-C5H3N-6-Me)} (tmeda)] and 2.054(4) A in 
[Li {N(SiBuTy[e2)(2—C5H3N—6-Me)} (tmeda)] 
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Table 1.2. Selected bond distances (A) and angles (。）for [Li(L')(L^ H)]2 (3). 
Li(l)-Li(lA) 2.494(8) Li(l)-N(l) 2.079(2) 
Li(l)-N(1A) 2.187(4) Li(l)-N(2A) 2.085(5) 
Li(l)-N(4) 2.052(4) N(1A)-C(1A) 1.348(3) 
N(2A)-C(1A) 1.360(3) N(4)-C(ll) 1.338(3) 
N(3)-C(ll) 1.374(3) N(lA)-Si(lA) 1.707(2) 
N(3)-Si(2) 1.723(2) 
N(1A)-Li(l)-N(2A) 64.70(1) N(1A)-Li(l)-N(l) 108.51(2) 
N(1A)-Li(l)-N � 122.1(2) N(2A)-Li(l)-N(l) 118.6(2) 
N(l)-Li(l)-N(4) 115.1(2) N(4)-Li(l)-N(2A) 118.3(2) 
Li(l)-N(1A)-C(1A) 87.96(2) Li(l)-N(lA)-Si(lA) 134.93(2) 
Li(l)-N(2A)-C(1A) 91.91(2) Li(l)-N(2A)-C(5A) 149.3(3) 
Li(l)-N(4)-C(ll) 125.1(2) Li(l)-N(4)-C(15) 117.3(2) 
Li(l)—N(l)—Li(lA) 71.49(2) Li(l)-N(l)-C(l) 113.75(2) 
Li(l)-N(l)-Si(l) 111.77(2) C(1A)-N(1A)—Si(lA) 125.36(2) 
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Figure 1.3. Molecular structure of [Fe(Li)2(tmeda)] (5) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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2. Molecular Structure of Compound 4 
X-Ray quality crystals of compound 4 were obtained from diethyl ether. Figure 
1.2 shows the crystal structure of the compound with the atom numbering scheme. 
Table 1.3 summarizes the selected bond lengths and angles of the compound. 
Compound 4 crystallizes in a monoclinic crystal system with space group Pljn. 
Its solid-state structure consists of a discrete amide-bridged dimer based around a (KN)2 
ring, with additional coordination of a pyridyl group and a chelating tmeda molecule on 
each potassium atom. 
The K—NAMID。bond distances of 2.827(3)-2.834(2) A are shorter than the K-NPY I^ 
bond distances of 2.902(2)-2.927(3) A, which agree with the trend of the bond lengths. 
With the charge stabilizing nature of the trimethylsilyl group, the K-Namid。bonds are 
expected to be shorter than the K-Npyrfdyi bonds. 
The K-Namid。bond distances in 4 are comparable to those of 2.858(2)-2.912(2) A 
in the dimeric [K{N(SiMe3)(2—C5H4N)}(12C4)]2.2PhMe.i2 They are also similar to 
those of 2.805 A (av.) observed in the closely related [K{NPh(2-C5H4N)}(tmeda)]2,^° but 
marginally shorter than those of 2.875(4)-3.034 A in [K{N(SiBuTVIe2)(2-C5H3N—6-
Me)}(tmeda)]2.i6c However, they are slightly longer than that of 2.787 A (av.) reported 
for the unsupported [{KN(SiMe3)2}2].2i 
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Table 1.3. Selected bond distances ( A ) and angles (°) for [K(L^)(tmeda)]2 (4). 
K(1)-K(1A) 3.273(8) K(l)-N(l) 2.834(2) 
K(l)-N(2) 2.902(2) K(1)-N(1A) 2.827(2) 
K(1)-N(2A) 2.927(3) K(l)-N(3) 2.867(3) 
K(l)-N(4) 2.826(3) N(l)-C(5) 1.325(3) 
N(2)-C(5) 1.369(3) N(l)-Si(l) 1.678(2) 
K(1)-N(1)-K(1A) 70.65(5) K(1)-N(2)-K(1A) 68.33(6) 
N(1)_K(1)-N � 47.22(7) N(1A)-K(1)-N(2A) 47.04(7) 
N(3)—K(l)—N � 62.87(1) N(l)-C(5)-N(2) 117.1(2) 
K(l)-N(l)-C(5) 92.78(2) K(l)-N(2)-C(5) 88.97(2) 




兴 ） / 誠 仍 c n 2 A ) 
。：藝' 
C{14) 
Figure 1.3. Molecular structure of [Fe(Li)2(tmeda)] (5) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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1.3.2 Synthesis，Structures and Reactivities of Iron(II) and Cobalt(II) 
Amides 
1.3.2.a. Synthesis of Mononuclear Iron(ll) and Cobalt(ll) Diamides 
A series of mononuclear iron(ll) and cobalt(ll) diamides [M(L")2(tmeda)] [M = Fe, 
n = 1 (5), n = 2 (7); M = Co, w = 1 (6)，n = 2 (8)] were successfully synthesized by 
metathesis reaction of anhydrous MCI〗(M = Fe, Co) with the appropriate lithium amido 
compound 2 in diethyl ether (Scheme 1.4). 
.SiMeg 
A r H / N 1/ 
R = H 76% 
2b :R = Me 62% 5:R = H, M = Fe 68% 
6: R = H, M = Co 59% 
7: R = Me. M = Fe 63% 
8: R = Me, M = Co 76% 
Scheme 1.4 
1.3.2.b. Physical Characterization of Compounds 5-8 
The iron(ll) diamides 5 and 7 were isolated as yellow crystals, whilst the cobalt(II) 
derivatives 6 and 8 were obtained as reddish brown crystals (Table 1.4). All of the 
compounds are extremely sensitive toward air and, hence, they should be handled under a 
purified nitrogen atmosphere. They are soluble in diethyl ether and toluene, but only 
sparingly soluble in non-polar solvents such as hexanes. They melt with decomposition 
at temperatures below 100�C. 
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Table 1.4. Some physical properties of compounds 5-8. 
Compound Yield (%) Color M.p. (。C) 
5 68 Yellow crystals 76-78 (dec.) 
6 69 Reddish brown crystals 88-89 (dec.) 
7 63 Yellow crystals 66-68 (dec.) 
8 76 Reddish brown crystals 59-61 (dec.) 
In addition to X-ray crystallography {vide infra), compounds 5-8 were also 
characterized by elemental analysis. Owing to the extremely high sensitivity of the 
compounds toward oxygen and moisture, reproducible elemental analysis data could not 
be obtained. 
I.3.2.C. Molecular Structures of Compounds 5-8 
The solid-state structures of compounds 5-8 were determined by X-ray 
crystallography. All four mononuclear compounds share the composition of two NJ^-
chelating amido ligands and two N donors from a bidentate tmeda, resulting in a distorted 
octahedral ligand environment around the metal centers. The compounds have a C: 
symmetry, with a crystallographic 2-fold axis passing through the metal center. The 
molecular structures of complexes 5-8 with the atom numbering schemes are depicted in 
Figures 1.3—1.6，respectively. Selected bond distances and angles of the compounds are 
summarized in Tables 1.5-1.8. 
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1. Molecular Structures of Compounds 5 and 6 
The iron(ll) diamide 5 is isostructural to its cobalt(ll) counterpart 6. They 
crystallize in a monoclinic crystal system with space group Pl^lc. In the solid state, both 
compounds are mononuclear with the metal center bound by a pair of A^^-chelating 
amido ligands L^ Coordination of a bidentate tmeda molecule completes a distorted 
octahedral geometry around the metal center. 
The distances of 2.107(2)-2.137(2) A in 5 are much longer than those of 
1.84 A (av.) reported for the monomeric Fe[N(SiMe3)2]2，if 1.925(3) A in the dimeric 
[Fe{N(SiMe3)2}2]2，5f and 1.917(2) A (av.) in the mononuclear [Fe{N(SiMePh2)2}2]产 
They are slightly longer than the corresponding distances of 2.025(3)-2.051(5) A in the 
binuclear compound [(FeL!)〗.(tmeda)] [L = [N(SiBu'Me2)(2-C5H3N—6-Me)]] and 
2.010(3) A in the mononuclear [FelJ.isb 
The observed Co-Namid。distances in the analogous cobalt(II) derivative 6 are 
2.093(8) and 2.119(7) A. As expected, the Co-Npy— bond lengths are a little longer, viz. 
2.191(8)-2.223(8) A. As a comparison with the Co—N bond distances in other Co(ll) 
amido compounds, the Co-Namid。bond lengths in 6 are much longer than those of 1.84 A 
and 1.916(5) A (av.) in the monomeric Co[N(SiMe3)2]2if and [Co{N(SiMePh2)2}2]产 
respectively. They are also longer than the respective terminal Co-N bonds 1.910(5)-
1.922(5)人 and 1.889(8) A in the dimeric [Co{N(SiMe3)2}2]2'' and [CoCNPh〗)〗]?."' The 
Co—Namid�bond lengths in 6 are slightly longer than those of 1.998(3)—2.007(4) A in the 
dimeric [(CoL2)2.(tmeda)]’"c’ ^^^  although L^  and L are closely related to each other. One 
reason for the small discrepancy may be attributed to the different coordination number 
around the metal center in the two complexes, viz. 6-coordinate in 6 and 5-coordinate in 
[(CoL2)2.(tmeda)]. 
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In both 5 and 6, delocalization of the lone pair electron density from the amido 
nitrogen onto the pyridyl ring is evidenced by the relatively short CpyHdyi—Namid。distances 
[5: N(l)-C(l) 1.344(3) A and N(3)-C(6) 1.353(3) A, 6: N(l)-C(l) 1.342(1) A and N(3)— 
C(6) 1.360(1) A]. They are similar to the corresponding bond distances in other 
amidometal complexes in which delocalization of the lone pair electron density has been 
suggested. 19 
Table 1.5. Selected bond distances (A) and angles (。）for [Fe(L')2(tmeda)] (5). 
Fe(l)-N(l) 2.137(2) Fe(l)-N(2) 2.259(2) 
Fe(l)-N(3) 2.107(2) Fe(l)-N(4) 2.282(2) 
Fe(l)-N(5) 2.386(2) Fe(l)-N(6) 2.293(2) 
N(2)-C(l) 1.372(3) N(l)-C(l) 1.344(3) 
N(4)-C(6) 1.361(3) N(3)-C(6) 1.353(3) 
N(l)-Si(l) 1.710(2) N(3)-Si(2) 1.704(2) 
N(l)-Fe(l)-N(2) 61.93(8) N(3)-Fe(l)-N(4) 62.01(8) 
N(5)-Fe( 1 )-N(6) 77.48(9) N(2)-Fe( 1 )-N(3) 113.68(9) 
N(4)-Fe(l)-N(6) 93.83(9) N(6)-Fe(l)-N(2) 91.98(9) 
N( 1 )-Fe( 1 )-N(5) 159.75(9) N( 1 )-C( 1 )-N(2) 112.9(2) 
N(3)-C(6)-N(4) 113.2(3) C(l)-N(2)-Fe(l) 89.55(2) 
C(l)-N(l)-Fe(l) 95.57(2) C(5)-N(2)-Fe(l) 152.0(2) 
C(6>-N(3)-Fe(I) 96.32(2) C(6)-N(4)-Fe(l) 88.49(2) 
C(10)-N(4)-Fe(l) 119.0(3) Si(l)-N(l)-Fe(l) 135.88(1) 
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Figure 1.3. Molecular structure of [Fe(Li)2(tmeda)] (5) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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Table 1.7. Selected bond distances ( A ) and angles (°) for [Fe(L^)2(tmeda)] (7). 
Co(l)-N(l) 2.093(8) Co(l)-N(2) 2.223(8) 
Co(l)-N(3) 2.119(7) Co(l)-N � 2.191(8) 
Co(l)-N(5) 2.273(8) Co � —N ( 6 ) 2.257(8) 
N(l)-C(l) 1.342(1) N(2)-C(l) 1.358(1) 
N(3)-C(6) 1.360(1) N(4)-C(6) 1.360(1) 
N(l)-Si(l) 1.685(8) N(3)-Si(2) 1.681(8) 
N(l)-Co(l)-N(2) 63.5(3) N(3)-Co(l)-N(4) 63.8(3) 
N(5)-Co(l)-N(6) 77.9(3) N(l)-Co(l)-N(4) 102.9 
N(4)-Co(l)-N(6) 93.2(3) N(6)-Co(l)-N(2) 101.6(3) 
N(3)-Co(l)-N(5) 164.2(3) N(3)-C(6)-N(4) 113.7(8) 
N(l)-C(l)-N(2) 114.7(9) C(6)-N(3)-Co(l) 92.7(5) 
C(6)-N(4)-Co(l) 89.6(6) C(l)-N(l)-Co(l) 93.1(6) 
C(l)-N(2)-Co(l) 87.2(6) C(10)-N(4)-Co(l) 150.6(8) 
C(5)-N(2)-Co(l) 151.0(8) Si(2)-N(3)-Co(l) 141.4(4) 
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Figure 1.3. Molecular structure of [Fe(Li)2(tmeda)] (5) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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2. Molecular Structures of Compounds 7 and 8 
The 6-Me substituted amido compounds 7 and 8 are isostructural to each other, 
with their solid-state structures similar to those of the analogous compounds 5 and 6. In 
contrast to the latter two compounds, 7 and 8 crystallize in a monoclinic crystal system 
with space group CUc. 
The Fe-Namid。distances (2.097(2) A) in 7 are comparable to those in the 
unsubstituted derivative 5 (average 2.122(2) A). On the other hand, the Fe-Npyridyi bonds 
of 2.344(2) A in 7 are marginally longer than those of 2.271 A (av.) in 5. Conceivably, 
the steric effect of the 6-Me substituent may result in the lengthening of the Fe-Npyndyi 
bonds. 
A similar trend in M - N bond lengths is also observed in the cobalt(ll) compound 8. 
The Co—N咖id。bonds of 2.058(1) A in 8 are close to those of 2.093(8)-2.119(7) A in the 
unsubstituted derivative 6, whilst the Co—Npy^ idyi distances of 2.289(2) A are a little longer 
than those of 2.191(8)-2.223(8) A in the latter compound. 
As for compounds 5 and 6, it is believed that delocalization of the lone pair 
electron density from the amido nitrogen center onto the pyridyl moiety may also be 
present in compounds 7 and 8. This is evidenced by the relatively short Car。matic—Namid。 
distances [1.340(3) A and 1.341(3) A].^' 
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Table 1.7. Selected bond distances (A) and angles (°) for [Fe(L^)2(tmeda)] (7). 
Fe(l)-N(l) 2.097(2) Fe(l)-N(2) 2.344(2) 
Fe(l)-N(1A) 2.097(2) Fe(l)-N(2A) 2.344(2) 
Fe(l)-N(3) 2.393(3) Fe(l)-N(3A) 2.393(3) 
N(l)-C(l) 1.340(3) N(2)-C(l) 1.376(3) 
N(l)-Si(l) 1.720(2) 
N(l)-Fe(l)-N(2) 61.37(8) N(1A)-Fe(l)-N(2A) 61.37(8) 
N(3)-Fe(l)-N(3A) 76.63(2) N(2)-Fe(l)-N(3A) 86.70(9) 
N(3A)-Fe( 1 )-N(2 A) 107.59(9) N( 1 A)-Fe( 1 )-N(2) 106.66(8) 
N(l)-C(l)-N(2) 113.9(2) C(l)-N(l)-Fe(l) 98.24(2) 
C(l)-N(2)-Fe(l) 86.53(2) C(5)-N(2)-Fe(l) 153.4(2) 
Si(l)-N(l)-Fe(l) 136.12(1) Si(l)-N(l)-C(l) 124.30(2) 
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Figure 1.3. Molecular structure of [Fe(Li)2(tmeda)] (5) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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Table 1.7. Selected bond distances (A) and angles (°) for [Fe(L^)2(tmeda)] (7). 
Co(l)-N(l) 2.0579(2) Co(l)-N(2) 2.289(2) 
Co(l)-N(lA) 2.0579(2) Co(l)-N(2A) 2.289(2) 
Co(l)-N(3) 2.356(2) Co(l)-N(3A) 2.356(2) 
N(l)-C(l) 1.341(3) N(2)-C(l) 1.364(3) 
N(l)-Si(l) 1.717(2) 
N(l)-Co(l)-N(2) 62.40(7) N(lA)-Co(l)-N(2A) 62.40(7) 
N(3)-Co(l)-N(3A) 77.61(1) N(2)-Co(l)-N(3A) 86.27(8) 
N(3A)-Co(l)-N(2A) 108.33(9) N(lA)-Co(l)-N(2) 105.17(7) 
N(l)-C(l)-N(2) 113.4(2) C(l)-N(l)-Co(l) 97.44(1) 
C(l)-N(2)-Co(l) 86.77(1) C(5)-N(2)-Co(l) 153.93(2) 
Si(l)-N(l)-Co(l) 137.40(1) Si(l)-N(l)-C(l) 124.02(2) 
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Figure 1.3. Molecular structure of [Fe(Li)2(tmeda)] (5) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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1.4. EXPERIMENTAL FOR CHAPTER I 
AyV，A^A^—Tetramethylethylenediamine was distilled over sodium before use. 
KBu" was prepared by treating LiBu" with KOBu' as described.^ ^ Anhydrous FeCl�， 
C0CI2,2-aminopyridine and 2-amino—6—picoline were purchased from Aldrich and used 
as received. 
Synthesis of [Li{N(SiMe3)(2—C5H4N)}{NH(SiMe3)(2-C5H4N)}]2 (3). To a colorless 
solution of compound 1 (3.32 g，20.0 mmol) in diethyl ether (40 mL) at 0。C was added 
dropwise a solution of LiBu" in hexanes (1.6 M , 6.3 mL, 10.0 mmol). The mixture was 
stirred at room temperature for 4 hours. The resulting yellow suspension was then 
filtered and the filtrate was concentrated to ca. 5 mL. Compound 3 was obtained as 
colorless crystals upon standing the solution at ambient temperature. The product was 
washed three times with hexanes and dried in vacuo (6.23 g, 9.20 mmol, 46 %)• M.p.: 
111—114。C. iH N M R (300.13 MHz, CsDg): 6 7.91 (dd, J = 1.5, 4.8 Hz, 4 H, FyH), 
6.99-7.16 (m，4 H, Pyi^, 6.37 (br s, 4 H，PyH), 6.21-6.25 (m, 4 H, FyH), 4.82 (s, 2 H, 
NH), 0.21 (s, 36 H, SiMe〗). Anal. Found: C, 56.16; H, 8.01; N，16.71 %. Calc. for 
C32H54Li2N8Si4： C, 56.77; H, 8.04; N，16.54 %. 
Synthesis of [K{N(SiMe3)(2-C5H4N)}(tmeda)]2 (4). To a brown mixture of KBu" (0.69 
g, 7.19 mmol) and tmeda (0.81 mL, 5.40 mmol) in hexanes (30 mL) at 0 was added 
dropwise a colorless solution of compound la (0.90 g, 5.40 mmol) in hexanes (20 mL). 
The pale yellow reaction mixture was stirred at room temperature for 10 hours, then 
filtered and the filtrate was concentrated to ca. 5 m L to yield compound 4 as yellow 
crystals. The product was washed three times with hexanes and dried in vacuo (2.15 g, 
3.35 mmol, 62 %). M.p.: 102—104。C. ^H N M R (300.13 MHz, C^D,): 6 8.04 (d, J = 
28 
3.3 Hz, 2 H, ？yH), 7.09—7.16 (m，2 H, ？yH), 6.49 (d, J = 8.4 Hz, 2 H, PyH)’ 6.17 (t,J = 
5.7 Hz, 2 H，PyH), 2.07 (s, 8 H, NCi/:), 1.96 (s, 24 H, NCH,), 0.43 (s, 18 H, SiMq,). 
Anal. Found: C, 51.72; H，9.05; N, 17.32 %. Calc. for C28H58K2N8Si2： C, 52.45; H, 9.12; 
N，17.47 o/o. 
Synthesis of [Fe{N(SiMe3)(2-C5H4N)}2(tmeda)] (5). To a solution of FeCl�（0.47 g， 
3.71 mmol) in diethyl ether (10 mL) at 0 was added dropwise a yellow solution of 
compound 2a (2.14 g, 7.42 mmol) in diethyl ether (20 mL). The olive green reaction 
mixture was stirred at room temperature for a further 10 hours, then filtered and the 
filtrate was concentrated to ca. 3 mL. Standing the solution at ambient temperature gave 
compound 6 as yellow crystals. The product was washed three times with hexanes and 
dried in vacuo (1.27 g, 2.53 mmol, 68 %). M.p.: 76-78。C (dec.). Anal. Found: C, 
51.72; H, 8.48; N, 16.67 % . Calc. for C22H24FeN6Si2： C, 52.57; H, 8.42; N, 16.71 %. 
Synthesis of [Co{N(SiMe3)(2-C5H4N)}2(tmeda)] (6). To a solution of CoCl〗(0.53 g, 
4.08 mmol) in diethyl ether (20 mL) at 0 was slowly added a yellow solution of 
compound 2a (2.35 g, 8.16 mmol) in diethyl ether (20 mL). The deep green reaction 
mixture was stirred at room temperature for 10 hours, filtered through Celite and then 
concentrated to ca. 3 m L under reduced pressure. Crystallization at ambient temperature 
afforded compound 6 as reddish-brown crystals. The product was washed three times 
with hexanes and dried in vacuo (1.19 g, 2.81 mmol, 69 %). M.p.: 88-90 T (dec.). 
Anal. Found: C, 51.37; H，8.41; N, 16.51 %. Calc. for C22H42CoN6Si2: C, 52.25; H，8.37; 
N，16.61 o/o. 
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Synthesis of [Fe{N(SiMe3)(2-C5H3N-6-Me)}2(tmeda)】(7). To a slurry of FeCl? (0.31 
g, 2.41 mmol) in diethyl ether (10 mL) at 0 was slowly added a yellow solution of 
compound 2b (1.46 g, 4.82 mmol) in the same solvent (10 mL). After stirring at room 
temperature for 10 hours, the resulting olive green suspension was filtered through Celite. 
The filtrate was then concentrated to ca. 2 m L to give compound 7 as yellowish brown 
crystals. The product was washed three times with hexanes and dried in vacuo (0.81 g, 
1.52 mmol, 63 %). M.p.: 66-68 (dec.). Anal. Found: C, 53.70; H, 8.63; N, 15.84 %. 
Calc. for C24H46FeN6Si2： C，54.32; H, 8.74; N，15.83 % . 
Synthesis of [Co{N(SiMe3)(2-C5H3N-6-Me)}2(tmeda)] (8). To a solution of CoCl〗 
(0.37 g, 2.85 mmol) in diethyl ether (10 mL) at 0 was slowly added a yellow solution 
of compound 2b (1.72 g, 5.70 mmol) in diethyl ether (20 mL). The deep green reaction 
mixture was stirred at room temperature for 10 hours, filtered through Celite and the 
filtrate then concentrated to ca. 2 mL. Compound 8 was isolated as reddish-brown 
crystals. The product was washed three times with hexanes and dried in vacuo (1.16 g， 
2.17 mmol, 76 %). M.p.: 59-61。C (dec.). Anal. Found: C, 53.21; H, 8.76; N，15.74 %. 
Calc. for C24H46CoN6Si2: C, 54.01; H，8.69; N, 15.74 % . 
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CHAPTER 2. REACTIONS OF IRON(II) AND COBALT(II) 
AMIDES WITH PHENOLIC COMPOUNDS 
2.1 Synthesis, Structures, and Reactivities of Iron(ll) and Cobalt(ll) 
5w(aryloxide) 
2.1.a. Reaction of Compounds 7 and 8 with 2,2，—ethylideneZ>w(4，6~di—纽r玄一 
butylphenol) 
The protolysis of transition metal amides by bulky phenols has proven to be a 
versatile route to the corresponding metal aryloxides. Recently, the neutral mononuclear 
Fe(ll) and Co(Il) aryloxides [M(0Ar)2(tmeda)] (M = Fe, Co; Ar = 2，6—BuV"4~MeC6H2) 
have been prepared by the reaction of the metal amides [(ML〗)〗.(tmeda)] (M = Fe, Co) 
with the bulky phenols ArOH」’ ^^ X-Ray crystallography revealed that the metal center 
in [M(0Ar)2(tmeda)] is bound by a pair of OAr ligands and a bidentate tmeda, which 
constitute a distorted tetrahedral N从 ligand environment around the metal center. Each 
metal amide [(ML2)2.(tmeda)] was also reacted with the bulky to(phenol) 
MeCH(Ar，0H)2 (Ar，= 4,6—Bu'sCgH:) to give the corresponding aryloxide compound of 
the composition [M{(0Ar，)2CHMe}(tmeda)] (M = Fe 9, Co 10), though they have not 
been structurally authenticated.^ ^ In our work, a detailed study of their crystal structures, 
magnetic properties, and oxidation chemistry has been carried out. 
2,l.b. Molecular Structures, Magnetic Moments, and Reactivities of Compounds 9 
and 10. 
Compounds 9 and 10 were recently prepared in our laboratory by the reaction of 
MeCH(Ar，0H)2 with the binuclear metal amides [(ML2)2.(tmeda)] (M = Fe, Co)?" In 
our study, 9 and 10 were synthesized by treating MeCH(Ar，0H)2 with the appropriate 
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metal(Il) diamides 7 and 8 in hexanes (Scheme 2.1). Both methods give the desired 
products in 40-50% yield. 
A r r : 減 
Me3Si、N。M^N _ _ ^ [ _ _ . ( c / " b j f 
\ / \ J Hexane, r.t., 12 h 
7. M = Fe 9: M = Fe 48% 
8;M = Co 10: M = Co 42% 
Scheme 2.1 
Compounds 9 and 10 are very sensitive toward oxygen and moisture. Table 2.1 
lists some physical properties of the two compounds. 
Table 2.1. Some physical properties of compounds 9 and 10. 
Compound Yield (%) Color M.p. (。C) 
9 54 Colorless crystals 272-275 (dec.) 
10 65 Blue-green crystals 303-305 (dec.) 
The solid-state structures of compounds and lO-QHg were determined by 
single-crystal X-ray diffraction technique. The structure of both compounds consists of 
a discrete mononuclear species with the metal in a distorted tetrahedral N 从 coordination 
environment. Figures 2.1 and 2.2 display the molecular structures of Q-CgH^ and 
lO-CgHg, respectively. Tables 2.2 and 2.3 summarize the selected bond distances and 
angles of the two compounds. 
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In the solid state, the Z?w(phenol) ligand [MeCH(ArO)2] is bound to the metal 
center of 9 and 10 in a bidentate fashion, forming an eight-member metallacyclic ring. 
The observed Fe-0 bond distances of 1.887(4) and 1.900(4)人 in compound 9 are 
comparable to those of 1.883(1) A and 1.887(3)—1.890(2) A in the monomelic 
[Fe(OCPh3)2(THF)2]，3b and [Fe(OC6H2-2,6"Bu'2 jMe)2(tmeda)],2a respectively, but 
slightly longer than the terminal Fe-0 distance of 1.822(5)人 in the dimeric 
[Fe(OMes*)2]2 (Mes* = 2,4’6-Bu'3C6H2).3b 
The average Co-0 bond distance of 1.87 A of 10 is comparable to the Fe-0 bond 
distances of 1.887(4)—1.900(4) A in its Fe(II) counterpart 9. It is also close to those of 
1.872(2) A in the mononuclear complex [Co(OCPh3)2(THF)2]3a and 1.90 A (av.) in 
[Co(OC6H2-2,6-Bu'2+Me)2(tmeda)].2a 
Table 2.2. Selected bond distances (A) and angles (。）for [Fe{(OC6H2Bu'2"4，6)2CHMe}(tmeda)] (9). 
Fe-N(l) 2.196(6) Fe—N(2) 2.165(5) 
Fe-O(l) 1.887(4) Fe-0(2) 1.900(4) 
C(2)-0(l) 1.367(6) C(22)-0(2) 1.343(6) 
N(l)-Fe-N(2) 81.7(2) 0(l)-Fe-0(2) 127.01(2) 
0(2)-Fe-N(l) 108.1(3) 0(2)-Fe-N(2) 110.4(2) 
0(1)-Fe-N(l) 111.0(3) 0(1)-Fe-N(2) 109.30(2) 
C(2)-0(1)-Fe 133.4(3) C(22)-0(2)-Fe 130.4(3) 
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& C34 
Figure 2.1. Molecular structure of [Fe{(〇QH2Bu'2"4’6)2CHMe} (tmeda)] (9) (30% 
thermal ellipsoids) with the atomic labelling scheme. 
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Table 2.3. Selected bond distances (人）and angles (°) for [Co{(OC6H2Bu'2"4，6)2CHMe}(tmeda)] (10). 
Co(l)-N(l) 2.116(8) Co(l)-N(2) 2.122(7) 
Co(l)—0(1) 1.867(5) Co(l)-0(2) 1.879(5) 
C(2)-0(l) 1.377(8) C(22)-0(2) 1.323(9) 
N(l)-Co(l)-N(2) 85.2(3) 0(1)-Co(l)-0(2) 120.2(2) 
0(2)-Co(l)-N(l) 114.7(3) 0(2)-Co(l)-N(2) 106.6(2) 
0( l ) -Co( l ) -N( l ) 116.9(3) 0(l)-Co(l)-N(2) 105.8(2) 
C(2)-0(l)-Co(l) 131.2(4) C(22)-0(2)-Co(l) 130.6(5) 
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。 ！ i ^ 。 3 5 
Figure 2.2. Molecular structure of [Co {(OQH2BuV~4,6)2CHMe}(tmeda)] (10) (30% 
thermal ellipsoids) with the atomic labelling scheme. 
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The magnetic moments of 9 and 10 in benzene solutions at 300 K have been 
measured by the Evans N M R method.'* The values of 4.68 jig for 9 and 3.39 j^B for 10 
are close to the spin-only values of 4.90 and 3.87 [i^  for four and three unpaired electrons, 
respectively. These suggest that both compounds 9 and 10 have a high-spin electronic 
configuration. 
The UV-Vis spectrum of [Fe{(0Ar，)2CHMe}(tmeda)] (9) in dichloromethane at 
room temperature (Figure 2.3) is dominated by two phenolate—to—iron charge-transfer 
bands at 485 and 284 nm. Upon chemical oxidation of 9 with 1 equiv of the oxidizing 
agent eerie ammonium nitrate (CAN), a new absorption peak at 315 nm was observed, 
with a concomitant decrease of the bands at 485 and 284 nm. The new absorption is 
ascribed to the formation of a phenoxyl radical species [9].+. The addition of another 
equivalent of CAN resulted in a further increase in the absorbance at 315 nm, suggesting a 
further formation of phenoxyl radical species. Similar results were observed with 
compound 10. The absorption maxima at 286 and 308 nm, which correspond to 
phenolate—to—cobalt charge-transfers, were observed for a solution of 10 in 
dichloromethane at room temperature (Figure 2.4). Upon oxidation of the complex with 
CAN, a new absorption maximum at 280 nm, which corresponds to the phenoxyl radical 
species [10].+, was observed with a concomitant decrease in the absorption bands at 286 
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2.2. A General Review on Catechol Dioxygenases 
Catechol dioxygenases are non—heme iron enzymes which catalyze the oxidative 
cleavage of catechols by dioxygen.^ ' ^  Two classes of the enzymes have been identified 
and isolated: the intradiol-clQdLving enzymes catalyze the cleavage of the carbon-carbon 
bond between the two catechol oxygens, whereas the extradiol-clQaying dioxygenases 
catalyze the cleavage of the carbon-carbon bonds adjacent to the enediol unit (Scheme 
2.2).5，6 
a, intradiol dioxygenase 产 C C V 
/ O2, Fe(lll) ^ ^ C C V 
广 J 
^ O H \ 
\ CHO 
\ b, extradiol dioxygenase | coo" 
O2, Fe(ll) “ ^^^^OH 
Scheme 2.2 
Apart from a number of biochemical studies on the native enzymes,^' ^ 
considerable research efforts have been devoted to biomimetic studies of these enzymes 
in order to understand the underlying structure-function relationship. A number of Fe— 
catecholate complexes have been synthesized as mimics to the active site of catechol 
dioxygenases.7—14 Both structural and mechanistic studies on these Fe-catecholate 
complexes have been carried out in order to elucidate the coordination environment 
around the metal center in the active site of the enzymes as well as the catalytic 
mechanisms. However, most of these studies have focused on the Fe(lIl)-containing 
intradiol-clQavsigQ enzymes/'''孔 8-lo，12 Model studies on the Fe(ll)-containing extradiol 
dioxygenases, on the other hand, have received relatively little attention.7d’7e’ "a 
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The first biomimetic study on the extradiol-cXQdiVmg enzymes was reported by 
Funabiki et al. in 1985，These researchers showed the extradiol cleavage of 3,5-di-
e^r^ -butylcatechol as catalyzed by an in situ mixture of FeCl2.6H20, bipyridine, and 
pyridine in THF solutions (Scheme 2.3). It was later shown that the reaction proceeded 
in a similar way by using a mixture FeCl〕，pyridine and bipyridine. These results 
suggest that an Fe(lll) species may be the reactive species in the solutions. 
vU I O � \ P 
+ [ T + I p + I p 
文。 H F 。 H 。 。 " ^ 。 入 。 、 ^CH.COOH 
FeClg-HgO. O2, 2 
Y ^ O H bipyridine, O 。 f ^ / + 
^ine, A + V ? + V o + 
Scheme 2.3 
Que and co-workers reported the first mononuclear iron(ll)-catecholate 
[Fe"(6TLA)(dbcH)](C104) [6TLA = fm((6-methyl-2-pyridyl)methyl)amine, dbc = 3,5— 
dWer^-butylcatechol] as a model complex for the active site of extradiol dioxygenases 
(Chart 2.1).7d However, oxygenation reaction of the iron(II) complex gave exclusively 
intradiol-clQdiWdigQ products. 




Dei et al have reported the Fe(lIl)-catecholate complex [Fe"'(TACN)Cl(dbc)； 
(TACN = 1,4,7-triazacyclononane) as a functional model for catechol dioxygenases 
(Chart 2.1).9 Exposure of the complex to O2 afforded 2-pyrone, an ex/ra^ /ZoZ-cleavage 
product. Afterwards, Ito and Que have reported a modified procedure for the synthesis 
of the same model complex, which gave an almost quantitative yield of 2-pyrone upon 
oxygenation.^ ® However, the authentic extradiol reaction product 2-hydroxymuconic 
aldehyde was not identified in these studies. Recently, Bugg and co-workers have 
reported the first example of extradiol ring fission." They have identified 2-
hydroxymuconic aldehyde from a model reaction system involving FeCl? or FeCl], 1,4,7-
triazacyclononane (TACN), pyridine and O2, though the relevant reactive species in the 
reaction system have not been characterized (Scheme 2.4)."a 
H 
A o 
FeCl2orFeCl3. ^  J + 广C〇2Me 
TACN, pyridine. Jl ^ C O s H 




2.3. Synthesis, Structures and Reactivities of Iron(II) and Cobalt(II) 
Catecholates 
2.3.a. Synthesis of Binuclear Iron(ll) and Cobalt(II) Catecholates 
Iron(ll) and cobalt(ll) catecholates (11 and 12) were readily prepared by the reaction 
of one equiv of 3,5-di-/^ r/-butylcatechol (dbcH:) with the appropriate metal(ll) diamides 
[M(Li)2(tmeda)] (M = Fe (5), Co (6)) in toluene at -78 (Scheme 2.5)." 
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Me3Si\ 
r ^ N H 。 ! ^ Q 
MeaSi'NH / 、 ’ 
aM = Fe, Toluene, ^ ^ 《 J 、 -78 °C, 12h 丫 SiMe3 
'\/ 1/ ； ^ O H ” 45% 
Me3Si、NzM^N + J| T 
V I \ J 丈 
v^-：/ M = Co, Toluene, 
5: M = Fe , 丄 z O \ 八 乂 
6: M = Co .Co y Co 
丫 I V 
/ s . 
12 51% 
Scheme 2.5 
Compounds 11 and 12 were isolated as reddish brown and purple crystals (Table 
2.4)，respectively. Both compounds are highly sensitive toward oxygen and moisture. 
They are soluble in diethyl ether, dichloromethane, THF and toluene, but are only 
sparingly soluble in saturated hydrocarbons. 
Table 2.4. Some physical properties of compounds 11 and 12. 
Compound Yield (%) Color M.p. (。C) 
11 45 Reddish brown crystals 119-121 
12 51 Purple crystals 162-165 
In addition to X-ray crystallography, compounds 11 and 12 were also 
characterized by elemental analysis. Owing to the extremely high sensitivity of the 
compounds toward oxygen and moisture, reproducible elemental analysis data could not 
be obtained. 
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2.3.b. Molecular Structures of Compounds 11 and 12 
1. Molecular Structure of Compound 11 
Crystals of compound 11 suitable for X-ray diffraction studies were obtained 
from toluene. Figure 2.5 depicts the molecular structure of 11 with the atom numbering 
scheme. Table 2.5 lists the selected bond distances and angles of the compound. 
Compound 11 crystallizes in a monoclinic system with space group CUc. Its 
solid-state structure consists of a discrete dbc bridged dimer based around a (FeO)2 ring, 
with additional coordination on each metal center by the remaining O from each 
catecholate ligand. Coordination of two pyridyl nitrogens from a pair of free ligand 
molecules L^H resulted in a distorted trigonal bipyramidal environment around each 
iron(ll) center. 
\ z 
〇 1.994(2) A 
2.096(2)A ^ / 
Chart 2.3 
As shown in Chart 2.3，the dianionic dbc ligand is chelated to an iron(ll) center 
and bridges simultaneously to the other iron(ll) center via one of the dbc oxygen. This 
coordination mode gives rise to an unsymmetrical bridging of the catecholate ligand 
[Fe(lA)—0(1) 1.994(2) A and Fe(l)-0(1) 2.096(2) A]. 
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The observed Fe-0 (terminal) bond distance of 1.992(2) A is comparable to those 
of 1.996(5)-2.035(6) A reported for the anionic [Fe(cat)3]3- (cat = catecholate).'^  It is 
slightly longer than those of 1.974(6) A and 1.95 A in the binuclear catecholate 
complexes [Fe2(dbc)2(py)6]i6 and [Fe"(6TLA)(dbcH)](C104)'^ respectively. On the 
other hand, the Fe-Npyridyi bonds of 2.177(3)-2.193(3) A in 11 are marginally shorter than 
those of 2.271 A (av.) and 2.344(2) A (av.) in 5 and 7 respectively. 
No obvious discrepancy in the C-0 distances [C(l)-0(1) 1.367(4) A and C(2)— 
0(2) 1.347(4) A] in 11 has been observed, suggesting that the dbc ligand is binding to the 
metal center as a catecholate dianion, rather than as a semiquinone radical anion. 
Table 2.5. Selected bond distances (A) and angles (°) for [Co(LiH)2(dbc)]2 (11). 
Fe(l)-N(l) 2.193(3) Fe(l)-N(3) 2.177(3) 
Fe(l)—0(1) 2.096(2) Fe(l)-0(2) 1.992(2) 
Fe(l)-0(1A) 1.994(2) C(l)-0(1) 1.367(4) 
C(2)-0(2) 1.347(4) C(l)-C(2) 1.403(5) 
N(l)-Fe(l)-N(3) 95.65(1) 0(l)-Fe(l)-0(2) 78.95(8) 
0(1)-Fe(l)-0(1A) 77.51(9) 0(1A)-Fe(l)-N(l) 102.98(1) 
0(2)-Fe(l)-N(l) 94.30(1) N(3)-Fe(l)-0(1) 138.21(1) 
N(3)-Fe(l)—0(2) 96.42(1) N(3)-Fe(l)-0(1A) 98.19(1) 
Fe(l)—0(1)—Fe(lA) 102.49(9) Fe(l)-0(lA)-Fe(lA) 102.49(9) 
C(2)-0(2)-Fe(l) 116.3(2) C(l)-0(1)-Fe(l) 112.29(2) 
C(l)-C(2)-0(2) 116.5(3) C(2)-C(l)-0(1) 115.9(3) 
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C14A 
C12A C i ^ ^ C25 ^ 
C25A Figure 2.5. Molecular structure of [Fe(LiH)2(dbc)]2 (11) (30% thermal ellipsoids) with the atomic labelling scheme. 
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2. Molecular Structure of Compound 12 
The molecular structure of the cobalt(ll) catecholate complex 12 has been 
determined by single-crystal X-ray crystallography. Figure 2.6 depicts the molecular 
structure of 12 with the atom numbering scheme. Table 2.6 summarizes the selected 
bond distances and angles of the compound. 
Compound 12 crystallizes in a triclinic crystal system with space group P\. The 
crystal structure of the centrosymmetric compound consists of a discrete dbc bridged 
dimer based around a (CoO)2 ring, with additional coordination on each Co(ll) center by 
the remaining O from each catecholate ligand. Coordination of a bidentate tmeda ligand 
to each metal center results in a distorted trigonal bipyramidal ligand environment around 
the metal center. 
1.922⑷ O 2.150(4) A 
Co义〉Co 
1.964(4) A - _ I 
Chart 2.2 
Each dianionic dbc ligand is chelated to an cobalt(II) center and bridges 
simultaneously to the other cobalt(ll) center via one of the dbc oxygens (Chart 2.2). 
This coordination mode gives rise to a relatively short Co-0 (terminal) bond [Co(l)-0(2) 
1.922(4) A]. The Co-0 (bridge) bonds, on the other hand, are longer [Co(l)-0(l) 
2.150(4)入 and Co( 1 )-0( 1 A) 1.964(4) A]. This unsymmetric binding of the catecholate 
has also been observed in other catecholate complexes” 
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The observed Co-0 (terminal) bond distances in 12 is comparable to the Fe-0 
bonds of 1.95 A in [Fe"(6TLA)(dbcH)](C104)/^ 1.974(6) A in the binuclear catecholate 
complex [Fe2(dbc)2(py)6]，i6 and 1.936(4) A in tetranuclear [Fe4(dbc)4(py)6].i6 It is only 
marginally shorter than those of 1.996(5)—2.035(6) A reported for the anionic [Fe(cat)3]3-
(cat = catecholate)” As for compound 11，no obvious discrepancy in the C-0 distances 
[C(l)-0(1) 1.377(7) A and C(2)-0(2) 1.344(7) A] in 12 has been observed. It is 
believed that the dbc ligand is binding to the metal center as a catecholate dianion, 
rather than as a semiquinone radical anion. All other bonding parameters of the 
complex are normal. 
Table 2.6. Selected bond distances (A) and angles (°) for [Co(dbc)(tmeda)]2 (12). 
Co(l)-N(l) 2.217(6) Co(l)-N(2) 2.147(6) 
Co(l)—0(1) 2.150(4) Co(l)—0(2) 1.922(4) 
Co(l)-0(lA) 1.964(4) C(l)-0(1) 1.377(7) 
C(2)-0(2) 1.344(7) C(l)-C(2) 1.433(8) 
N(l)-Co(l)-N(2) 82.2(2) 0(1)—Co(l)-0(2) 81.81(2) 
0(l)-Co(l)-0(lA) 84.45(2) 0(lA)-Co(l)-N(l) 110.68(2) 
0(2)-Co(l)-N(l) 93.2(2) N(2)-Co(l)-0(l) 88.07(2) 
N(2)-Co( 1)—0(2) 122.9(2) N(2)-Co( 1 )-0( 1 A) 120.33(2) 
Co(l)-0(l)-Co(lA) 95.55(2) Co(l)-0(lA)-Co(lA) 95.55(2) 
C(2)-0(2)-Co(l) 115.3(4) C(l)-0(l)-Co(l) 106.4(3) 
C(l)-C(2)-0(2) 117.2(5) C(2)-C(l)-0(1) 116.8(5) 
52 
C15A ^ 
八 0 3 \ C l A y f e r ^ P ^ C 8 A 
C 邊 C T -终 j 
C15 
Figure 2.6. Molecular structure of [Co(dbc)(tmeda)]2 (12) (30% thermal ellipsoids) with 
the atomic labelling scheme. 
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2.3.C. Reactions of Compounds 11 and 12 with Dioxygen 
Exposure of 11 and 12 in dichloromethane to dioxygen at ambient temperatures 
resulted in an immediate color change from olive for (11) and purple for (12) to an 
intense violet coloration (Scheme 2.6). The resulting solution was subjected to gel 
filtration in order to remove all metal species. The yellow organic residue so obtained 





or r.t.，4h ‘ + + ^ r^^o + ^^^O 
J T j L ^ auto- intradiol extradiol 
\, o ' y ^ \ / oxidation cleavage cleavage 
、nZ 丫 丨 N J 
Scheme 2.6 
2.3.d. Identification of Oxidative Cleavage Products 
Results of G C M S analysis are summarized in Scheme 2.6 and Table 2.7. In 
addition to the unreacted starting material dbcHj, a mixture of 3,5-di-tert-huXy\-1,2-
benzoquinone (an auto-oxidation product), 3,5-dWer/-butyl-l-oxacyclohepta-3,5-
diene—2,7-dione (an m/ra<i/o/-cleavage product), and di-/er/-butyl-2-pyrone (an 
extradiol-clQdiWdigQ product), have been identified in the product mixture, with 3,5-di-
^er^-butyl-1,2-benzoquinone being the major product in both cases. It is believed that 
the dimeric nature of compounds 11 and 12，which may also be considered as close 
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mimics to the active site of catechol oxidase/? favors the formation of the auto-oxidation 
product. Both intradiol and extradiol cleavage products, ranging from 8-16%, were 
also observed upon oxygenation of 11 and 12 in our studies. Our work represents two 
rare examples of model systems for the extradiol-oXQdiVmg enzymes. 
Table 2.7. Oxygenation Products of 11 and 12.� 
1 1 : 12: 
si/ 
^=^。H 14% 13% 
auto- \z o 
oxidation 4 9 % 4 3 % 
product Y ^ i ^ o 
intradiol 
cleavage ( o 1 0% 8 % 
product 
o 
extradiol 文 。 
cleavage 
product ； 8 % 16% 
° Percentage yields of the degradation products were determined by 
G C M S analysis. 
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2.4. EXPERIMENTAL FOR CHAPTER 2 
MeCH(4，6—Bu^CgHzOH^s was purchased from Aldrich and used as received; 3,5-
di—仗r,—butylcatechol was purified by recrystallization from hexanes. 
Synthesis of [Fe{(OC6H2Bu'2-4,6)2CHCH3}(tmeda)] • C^H^ (9)产 To a solution of 
MeCH(4，6-Bu'2C6H20H)2 (0.96 g, 2.19 mmol) in hexanes (20 mL) at 0。C was slowly 
added a yellow solution of compound 7 (1.16 g, 2.19 mmol) in hexane (10 mL). The 
reaction mixture was stirred at room temperature for 10 hours. All the volatiles were 
then removed in vacuo and the residue was extracted with benzene (30 mL). The green 
suspension was filtered through Celite. The filtrate was then concentrated to ca. 2 m L to 
give compound 9 as yellow crystals. The product was washed three times with hexanes 
and dried in vacuo (0.81 g, 1.18 mmol, 54 %). 
Synthesis of [Co{(OC6H2Bu'2-4,6)2CHCH3}(tmeda)] • C^H^ (10)产 To a solution of 
MeCH(4,6—Bii'2C6H20H)2 (1.46 g, 3.32 mmol) in hexane (20 mL) at 0。C was slowly 
added a yellow solution of compound 8 (1.77 g，3.32 mmol) in hexane (10 mL). The 
reaction mixture was stirred at room temperature for 10 hours, whereupon all the volatiles 
were removed in vacuo. The residue was extracted with benzene (30 mL) and the blue 
extract was filtered through Celite. The filtrate was then concentrated to ca. 2 m L to 
give compound 10 as deep blue crystals. The product was washed with hexanes (three 
times) and dried in vacuo (1.49 g, 2.16 mmol, 65 %). 
Synthesis of [Fe(LiH)2(dbc)]2 (11). A colorless solution of 3,5-dWer^-butylcatechol 
(0.39 g，1.75 mmol) in toluene (10 mL) was added to an olive green solution of 
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compound 5 (0.88 g，1.75 mmol) in toluene (10 mL) at 0。C. The brown reaction 
mixture was allowed to warm slowly to room temperature and stirred for 12 hours, 
filtered and the filtrate then concentrated to ca. 2 m L to give the title compound as a 
yellow solid. Compound 11 was recrystallized from toluene/THF (1:1) (2 mL) as 
yellow crystals. The product was washed three times with hexanes and dried in vacuo 
(0.73 g, 0.79 mmol, 45 %). M.p.: 119-121。C (dec.). Anal. Found: C, 61.44; H, 8.00; 
N，8.74 % . Calc. for C67Hio4Fe2N804Si4: C, 61.45; H, 8.00; N, 8.56 % . 
Synthesis of [Co(dbc)(tmeda)]2 (12). A colorless solution of 3,5-dWer^-butylcatechol 
(0.40 g, 1.80 mmol) in toluene (10 mL) was added to a brown solution of compound 6 
(0.96 g, 1.80 mmol) in toluene (10 mL) at 0。C. The reaction mixture was stirred at 
room temperature for 12 hours. All the volatiles were then removed under reduced 
pressure. The residue was extracted with toluene/THF (1:1) (20 mL). The resulting 
brown extract was then filtered and the filtrate concentrated to ca, 2 m L to give 
compound 12 as purple crystals. The product was washed three times with hexanes and 
dried in vacuo (0.86 g, 0.92 mmol, 51 %). M.p.: 162-165。C (dec.). Anal. Found: C， 
60.67; H, 9.03; N, 7.33 %. Calc. for C40H72C02N4O4： C, 60.69; H，9.10; N, 7.08 %. 
Isolation of oxidative cleavage products for compounds 11 and 12. A solution of 
compound 11 or 12 (0.5-0.6 mmol) in CH2CI2 (50 mL) was stirred under an oxygen 
atmosphere at 25 for 3 hours, whereupon the color of the solutions turned immediately 
to violet. All the volatiles were then removed in vacuo. The purple crude product 
mixture was redissolved in CH2CI2 (2 mL) and then loaded into a silica gel column (70-
230 mesh) with CH2CI2 as eluent to remove all the inorganic components. The eluent 
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was collected and evaporated to dryness under reduced pressure to give the oxidative 
cleavage products as a yellow oily residue. 
Identification of oxidative cleavage products. The oxidative cleavage product mixture 
was subjected to G C M S analysis using a Hewlett Packard GC(HP 6890)-MS(HP 5973) 
analyzer equipped with a HP—5MS (5 % phenyl methyl siloxane) column. A sample of 
cleavage products (ca. 5 ppm) for compounds 11 and 12 was injected manually into the 
G C M S instrument at an injection temperature of 250 Column temperature was 
increased at a programmable rate of 10 min"^ from 50 to 260 and then 
maintained at 260 for one minute. 
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CHAPTER 3. SYNTHESIS OF LATE TRANSITION 
METAL AMIDINATES 
3.1. INTRODUCTION 
3.1.1. General Background 
Amidines are difunctional nitrogen compounds of the general formula R'NH-
C(R)=NR' (R, R' = H, alkyl, aryl or SiMe]). They are useful reagents in synthetic 
organic chemistry and also a class of versatile ligands in coordination chemistry. The 
first amidine was prepared by Gerhardt in 1858.^ '^ ^ It was obtained by the reaction of 
aniline with A^-phenylbenzimidoyl chloride. 
In general, an amidine is named after the acid or amide obtained from it upon 
hydrolysis. Table 3.1 shows the general nomenclature of some common amidines. 




In 1973, Sanger reported the A^ -silylated benzamidine PhC(=NSiMe3)[N(SiMe3)2: 
(1), which was obtained by treating benzonitrile with lithium /^ (^trimethylsilyljamide, 
followed by quenching the resulting mixture with chlorotrimethylsilane (Scheme 3.1)?，3c 
+ MeoSiCI ,NSiMe3 
PhCN + LiN(SiMe3)2 Li[PhC(NSiMe3)2]——^ Ph-cf 
_ Lia 、N(SiMe3)2 
Scheme 3.1 
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In 1987，Oakley and co-workers reported a more elaborate preparation of 
benzamidine 1 and its substituted derivatives.''、^^  Since then, there has been a 
tremendous growth in the chemistry of TV-silylated benzamidines because of their use as 
precursors for inorganic heterocycles and benzamidinate complexes of various elements 
ranging from main-group to transition metals and the/^elements. 
3.1.1.a. Metal-Amidine Bonding Modes 
An amidine forms simple adducts with metal halides, via their imino lone pair 
electrons, to give complex of the type MX„(amidine)^ (X = CI, Br). Deprotonation of an 
amidine with a strong base yields the corresponding amidinate ligand [R'N-C(R)-NR']~, 
which is isoelectronic with a carboxylate. A number of bonding modes for amidinate 
ligands have been established by X-ray crystallography (Figure 3.1): 
a bi h biii 
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a. As a monodentate ligand: 
In this bonding mode, one nitrogen of an amidinate ligand is a-bonded to the 
metal, whereas the imino nitrogen remains unattached. 
b. As a chelating ligand: 
In this bonding mode, the highly strained four-member ring causes 
distortion of valence angles. This type of bonding pattern may be subdivided as 
follows: 
i) A a,a-symmetrical coordination in which the electron density is delocalized 
over the N C N moiety. 
ii) A a,a-unsymmetrical coordination with both nitrogens bond to the metal, but 
one nitrogen bonds formally via the lone pair electrons of the imine. 
iii) One nitrogen is a-bonded to the metal whilst the localized double bond 
interacts in an alkene-type manner. 
c. rf-Allyl 
Reports on this type of bonding pattern remain scarce. 
d. N,N'-ju-Bridging 
This type of bonding pattern is usually associated with metal-metal bonding, 
I 1 
resulting in the formation of a M2NCN ring. 
3.1.l.b. Preparation of Metal Amidinate Complexes 
Several synthetic methods are commonly employed for the preparation of metal 
amidinate complexes.“ 2 They are summarized as follows: 
1. Reactions of alkali metal amidinates with an appropriate metal halide: 
MBu"+[R'N(H)C(R)NR'] • M[R'NC{R)NR'] 
(M = Li, Na, K) 
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X M[R'NC(R)NR'] + M'CI, M'(R'NC(R)NR'), + x MCI 
e.g. LiBu"+ [PhN(H)C(Ph)NPh] Li[PhNC(Ph)NPh] 
2 Li[PhNC(Ph)NPh] + [Pt(PhCN)2Cl2] Pt[PhNC(Ph)NPh]2+ 2 LiCI 
2. Reactions of amidines with metal alkyls (L = alkyl): 
ML, + X [R'N(H)C(R)NR'] M(R'NC(R)NR'), + x LH 
e.g. Zn(Et)2 + 2 [PhN(H)C(Ph)NPh] [Zn(PhNC(Ph)NPh)2], + 2 EtH 
3. Reactions of metal amides with nitriles: 
M(NR，2)x + y RCN M(N=C(R)NR，2V(NR，2)x-y 
e.g. Ti(NMe2)x + y CH3CN Ti[N=C(Me)NMe2]y(NMe2),.y 
4. Reactions of amidines with metal carbonyls in air (with displacement of carbonyl 
groups): 
e.g. MO(CO)6 + 4 [PhN(H)C(Ph)NPh] ^ Mo2[PhNC(Ph)NPh]4 + 12 CO 
3.1.2. 7V-Silylated Benzamidinates of Li, Na and K — The Starting 
Materials 
As mentioned in the previous section, the reaction of a lithium amidinate with a 
metal halide is the most commonly employed synthetic route to the corresponding metal 
amidinate. Despite their extensive use as synthetic precursors, the molecular structures 
of many amidinolithium compounds have not been well documented.34d 
Among various amidinate ligands reported in the literatures, the synthetic 
potential of benzamidinates, with A^ -silylated benzamidine derivatives in particular, has 
attracted much interest. Sanger has reported the synthesis of the silylated benzamidinate 
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[PhC=N(SiMe3){N(SiMe3)2}]，starting from LiN(SiMe3)2 and benzonitrile, followed by 
quenching the resulting solution with MCsSiCl (Scheme S.l)?，�。 
Following an analogous procedure, Oakley and co-workers have prepared a series 
of p-substituted benzamidinate derivatives (Scheme 3.2)，which are easily purified by 
vacuum distillation?，^ ^ 
NSiMea 
i) LiN(SiMe3)2 // 
P-RC6H4CN - - — — ^ ^ P-RC6H4-C 
b 4 ii) MeaSiCI ^ 6 4 \ 
, 3 N(SiMe3)2 
R = Me, CI, OMe, CF3, NMe?，Ph, CN, NO2 
Scheme 3.2 
It is noteworthy that the lithium intermediates obtained by treating LiN(SiMe3)2 with the 
benzonitriles (as illustrated in Scheme 3.2) were not isolated, but they were reacted in situ 
with McsSiCl to give the desired products. 
Pure, crystalline lithium salts of the TV—silylated benzamidines 
Li[(RC6H4)C(NSiMe3)2] (R = H, Me, OMe, CF3，NMe?, NO2) were first isolated by 
Edelmann and co-workers in 1990.^ ' ^^ Incorporation of different para substituents on 
the phenyl group can effectively "tune" the electronic property of the benzamidinate 
ligands, without significantly influencing their steric demand. 
Recently, Barker and Snaith have reported the molecular structures of a series of 
lithiated derivatives of A^,A^-diphenylbenzamidine and A^,A^-diphenylacetamidine, with or 
without complexation by the Lewis base donors [0=P(NMe2)3] (hmpa), 
[Me2N(CH2)2NMe2] (tmeda), and [MeNCCHsCHsNMe:):] (pmdien).^ '^  It has been 
shown that a change in the denticity of the Lewis base donor ligands, or an alteration of 
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the amidinate ligands (Figure 3.2) impose a significant effect on the solid-state structure 
of the corresponding lithium amidinate compounds. 
r H r y 
(R = Me, Ph) 
N 货 N 
Figure 3.2 
A^ ,A^ -5/5(trimethylsilyl)benzamidinate derivatives of the heavier alkali metals 
were prepared by an analogous procedure by the reaction of benzonitrile with the 
appropriate alkali metal amides MN(SiMe3)2 (M = Na, K, Rb, Cs).^ ® 
PhCN + MN(SiMe3)2 ——： • M[PhC(NSiMe3)2] 
(M = Na, K, Rb, Cs) 
3.1.3, A General Review on The Chemistry of Low-Valent Late 
Transition-Metal Amidinates 
Iron(Il) and Cobalt(ll) Amidinates 
Although the chemistry of early transition metal amidinates is well-developed, 
that of the late transition metal derivatives, with those of iron and cobalt in particular, has 
received relatively less attention」，、4，"’ i2e’ a n, is jg believed that the unstable nature 
of iron and cobalt amidinates renders their preparation and characterization difficult to 
carry out." 
In 1968, Hieber and Kaiser reported the reaction of the dimeric {M(NO)2Br}2 (M 
=Fe, Co) with A^-phenylbenzamidine.^' ^^ The amidine salts obtained were formulated 
as [(NO)2M{H2NC(Ph)NPh}]+Br-. 
The Fe(lll) salt of formamidine, [HC(NH2)2]3FeCl6，was synthesized by treating 
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FeClj with S4N4, HCl and CHsCl，.*。 The molecular structure of the compound was 
determined by X-ray crystallography. 
Dehnicke and co-workers have reported the synthesis and structure of the Fe(lll) 
amidinate [PhC(NHSiMe3)2]+[FeCl4]-.4a The compound was prepared by the reaction of 
A^ ,A^ ,A^ -/m(trimethylsilyl)benzamidine with FeCl�， The same research group also 
extended the chemistry of Fe(lll) amidinates by synthesizing [PhC(NSiMe3)2]2FeCl from 
FeOCl and the amidine， 
Beside the Z?/5(trimethylsilyl)amidinato ligand, diphenylamidinato ligands were 
also shown to be capable of stabilizing low—valent iron(II) and cobalt(Il) amidinate 
complexes. Cotton and co-workers reported the preparation of the dimeric 
^w(amidinate) complexes [M2{HC(NPh)2}4] (M = Fe, Co)."」，"f’ ^^ By using the more 
bulky [PhC(NPh)2]- ligand, Cotton and co-workers have also isolated the analogous 
compounds [M2{PhC(NPh)2}4] (M = Fe, Co)."d’ "f’ ^^ The latter compounds exhibit a 
"twisted" A-frame structure with two bridging and two dihapto amidinate ligands 
(Equation 3.1). 
2 [PhN(H)C(Ph)NPh]2 MCI2 + 4 LiMe M2[PhC(NPh)2]4 + 4 LiCI + 4 CH4 
Equation 3.1 
Recently, two examples of monomeric iron(II) and cobalt(Il) Z?/5(amidinate) 
complexes [M{FcC(NCy)2}2] (Fc = ferrocenyl, M = Fe, Co) have been reported by 
Arnold and co-workers/^®' ^^ The amidinato ligand bears a ferrocenyl substituent on the 
central carbon of the N-C-N moiety. However, detailed studies on the reactivities of 
these complexes have not been reported. 
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More recently, Hessen and co-workers have reported two paramagnetic iron(II) 
Z?w(amidinate) complexes, namely [Bu'C(NCy)2]2Fe and [Bu'C^NPr^LFe，which react 
readily with carbon monoxide to give the corresponding Z?w(amidinate) iron(II) dicarbonyl 
derivatives. 18 
Nickel(II) Amidinates 
The 7V，A^ —bridging coordination mode of amidinate ligand are common among 
late transition metal (especially group 10) complexes, and the dimeric complexes formed 
are usually very stable. Consequently, the amidinato bridge is difficult to cleave. The 
dimerization renders the isolation of monomeric amidinato complexes of the nickel group 
metals difficult. 
The first nickel(ll) amidinate complex [Ni(form)2(py)4] (form = NyM-di-p-
tolylformamidine) was prepared by Bradley and Wright^ It was once believed that the 
formamidinate ligand acted as a simple monodentate donor. Cotton and co-workers 
repeated the reaction and obtained the dimeric compound [Ni2(form)4] by reacting 
anhydrous NiBr】 with Another example of a dimeric nickel amidinate 
complex [Ni2{PhNC(Ph)NPh}4] was reported by Barker and Kilner.^ '^^  
A polymeric nickel amidinate, formulated as [(r|^ -C5H5)Ni {PhNC(Ph)NPh}]„, was 
also reported by Kilner and co-workers.34a Its infrared spectrum indicated the presence 
of bridging amidino groups. Its involatility and insolubility suggested the polymeric 
nature of the compound. 
Recently, an 7V-silylated benzamidinato ligand was also shown to be capable of 
stabilizing a nickel(ll) amidinato complex. Edelmann and co-workers have successfully 
isolated a monomeric nickel(ll) Z?w(benzamidinate) [Ni{C(C6H5)(NSiMe3)2}2].2 
69 
Copper(l) Amidinates 
The first copper(I) amidinate complexes [Cu(RNCHNR)]„ were obtained by 
treating copper(ll) acetate with A^,7V-diarylfonnamidines in refluxing ethanol.^ '^ ^ Cotton 
et al. have repeated the reaction and obtained the complex [Cujip-
CH3C6H4NC(H)NC6H4CH3-;7}2],33b which was also structurally characterized. Owing to 
a short Cir..Cu distance of 2.497A observed for the complex, an investigation of the 
possibility of M - M bonding has been carried out. 
Kilner et al}^^ have investigated a series of copper(I) and copper(II) amidinate 
complexes. The lithioamidinates [R'N(Li)C(R)NR'] (R = H, CH3，QH^; R' = p-
CH3C6H4) was reacted with anhydrous copper(Il) chloride to yield the corresponding Cu(ll) 
complexes [Cu { R ' N C ( R ) N R ' W i t h anhydrous copper(I) chloride the corresponding 
Cu(l) derivatives [Cu{R'NC(R)NR'}]^ were obtained. 
Dehnicke and co-workers have also extended their studies on 
trimethylsilylbenzamidinates to copper.^ ^ The copper(I) complex Cu2[C6H5C(NSiMe3)2]2 
was prepared from copper(I) chloride and A^ ,7V,7V-^ m(trimethylsilyl)benzamidinate in 
refluxing acetonitrile. A noteworthy feature of the compound is, again, a short Cu…Cu 
distance. The Cu(ll) derivative [{C6H5C(NSiMe3)2}CiiCl{C6H5C(NSiMe3)(NHSiMe3)}] 
was also obtained by an analogous procedure starting from CuCl:. The mononuclear 
complex contains a monodentate amidine and a bidentate amidinate ligand. 
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Zinc(II) and Cadmium(II) Amidinates 
Being an essential metal ion in biological systems, zinc plays an important role in 
both the structure and function of a wide range of metalloproteins. This redox-innocent 
metal ion exhibits flexible coordination geometries, facile ligand exchange, and an 
intermediate polarizability. These factors render zinc uniquely pertinent to its role in 
different enzymes and cofactors. 
To date, over 300 zinc enzymes are known. In order to mimic the structure of 
the active sites of these enzymes and to understand how the coordination environment 
around the zinc centre modulates their enzymatic mechanisms, a vast number of synthetic 
analogues of zinc enzymes have been prepared and studied. Encapsulating ligands, with 
tripodal ligands being the most popular, have been extensively used to support zinc 
complexes with coordination environments similar to those of the active site of the native 
enzymes. 
Several complexes of the type MX2(amidine)„, (M = Zn, Cd; X = Br, amidine = 
di-p—tolylformamidines) have been described by Minghetti et al. in 1975」 
Marsh has determined the X-ray structure of [Zn(HC02)3r[HC(NH2)2r. It has 
been reported that the formamidinium ions are not coordinated to the zinc atoms but are 
hydrogen bonded to adjacent methanoate groups.【 
Dehnicke and co-workers have reported the first fully characterized zinc 
benzamidinate Zn[PhC(NSiMe3)2]2，which was obtained by reacting anhydrous ZnCl? 
with two equiv of Na[PhC(NSiMe3)2].0.5Et20 in T H F : ^  Reports on cadmium 
amidinate complexes, on the other hand, remain scarce. 
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3.2. OBJECTIVES OF THIS WORK 
Over the past decades, considerable research efforts have been devoted to the 
development of various ancillary ligands as alternatives to cyclopentadienyls in 
organometallic chemistry. Accordingly, the studies of alkoxy, amido, and amidinato 
ligands have attracted much interest. Amidinate ligands of the type [RC(NR，)2]— (R, R ' = 
H, alkyl, aryl or SiMe]) have proven to be versatile in supporting a wide range of main-
group, transition metal and 户element compounds.卜i8 They offer a greater potential in 
ligand design (and thus a modification of the reactivities of their corresponding metal 
complexes) over that of the Cp ligands by virtue of their different steric and electronic 
properties due to different substituents R and R，. 
Recently, we have been interested in the chemistry of metal complexes supported 
by sterically demanding a m i d o a n d amidinato ligands.^ ^ The objective of the second 
part of this research work is to develop a new bulky benzamidinate ligand, and study the 
structures and reactivities of the corresponding metal complexes. By treating the lithium 
anilide [Li {N(SiMe3)(Ar)} (tmeda)]'' (Ar = 2,6-Me2C6H3; tmeda = NJVJ^,!^-
tetramethylethylenediamine) with benzonitrile, we have successfully isolated the lithium 
benzamidinate [Li {PhC(NSiMe3)(NAr)} (tmeda)] With the new unsymmetrical ligand 
[PhC(NSiMe3)(NAr)]- (L;)—，a number of main-group and transition metal complexes 
with intriguing molecular structures have been synthesized.^ ^ 
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3.3. RESULTS AND DISCUSSION 
3.3.1. Synthesis and Structures of Lithium Benzamidinates 
3.3.1.a. Synthesis of [Li(L')(tmeda)] = [PhC(NSiMe3)(NC6H3Me2-2，6)]) and 
[Li(L')(tmeda)] (V = [PyC(NSiMe3)(NC6H3Me2-2,6)]) as Ligand-Transfer 
Reagents 
The two lithium reagents [Li(L^ )(tmeda)] (15) and [Li(L'^ )(tmeda)] (16) have been 
successfully prepared by the reaction of the lithium anilide [Li{N(SiMe3)(2,6— 
MezCgHsXtmeda)}] (14) with benzonitrile and 2-cyanopyridine, respectively (Scheme 
3.3). 
1. UBu", Et20, r.t., 4 h j f ^ LiBu", MeaNCHzCHgNMeg 
2. MegSiCI, Et20, r.t., 、 Eta。’ r.t., 4 h 
NH2 8 h HN(SiMe3) 
13 
y^y』丨Me3 / 15 740/0 
\ ChcN n ^ 
14 Et20,r.t.,12h N\ V 
N=C 
MesSi 0 八； 
16 52% 
Scheme 3.3 
The lithium anilide 14 was prepared according to a modified literature procedure^ As 
shown in Scheme 3.3, lithiation of 2,6-dimethylaniline with LiBif in diethyl ether, 
followed by quenching of the resulting solution with one equiv of trimethylsilyl chloride 
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gave the silylated aniline 13. Subsequent lithiation of 13 with LiBif, in the presence of 
tmeda, gave the corresponding lithium anilide 14. Reaction of 14 with one equiv of 
benzonitrile afforded the lithium benzamidinate 15 in 74% yield. The reaction of 14 
with benzonitrile involves a direct insertion of the amido ligand [N(SiMe3)(2,6— 
MczCety]- into the C = N fimctionality, followed by a 1,3-silyl migration. An analogous 
reaction of 14 with 2-cyanopyridine gave the lithium anilide 16 in 52% yield. 
3.3.1.b. Physical Characterization of Compounds 15 and 16 
Compounds 15 and 16 were characterized by ^ H and ^ C^ N M R spectroscopy, mass 
spectrometry (E.I. 70 eV), melting-point measurement, and elemental analysis, in 
addition to X-ray crystallography. Table 3.2 lists some physical properties of the two 
compounds. 
Table 3.2. Some physical properties of compounds 15 and 16. 
Compound Yield (%) Color M.p. (。C) 
15 74 Colorless crystals 116一 118 
16 52 Dark green crystals 156—158 
The iH and ^ C^ N M R spectra of both compounds 15 and 16 showed one set of 
signals, which is consistent with their structures as shown in Scheme 3.3. Results of 
elemental analysis were also consistent with the respective empirical formula of the two 
compounds. 
74 
No molecular ion peak was observed in the mass spectra of 15 and 16. Only 
fragmentation peaks due to ligand L^ were observed. 
3.3.I.C. Molecular Structures of Compounds 15 and 16 
Crystals of complexes 15 and 16 suitable for X-ray diffraction studies were 
obtained from toluene. Figures 3.3 and 3.4 depict, respectively, the molecular structures 
of complexes 15 and 16 with the atom numbering schemes. Selected bond distances and 
angles of the two compounds are listed in Tables 3.3 and 3.4. 
1. Molecular Structure of Compound 15 
Compound 15 crystallizes in a monoclinic crystal system with space group Pl^ln. 
The mononuclear compound consists of a lithium cation bound by a k?—benzamidinate 
anion and a chelating tmeda ligand, resulting in a distorted tetrahedral environment 
around the metal center. The amidinate N-C-N backbone consists of almost identical 
N-C distances with N(l)-C(l) = 1.321(2) A and N(2)-C(l) = 1333(2)人.They are 
close to the average of the N=C [1.302(7) A] and N-C [1.360(8) A] distances observed in 
protonated amidines.34d This indicates delocalization of electron density over the 
amidinato N-C-N moiety. The N-C distances in 15 are also close to the corresponding 
distances observed in other lithium benzamidinate complexes, for instance, those of 
1.334(2) A (av.) reported for Li[PhNC(Ph)NPh](tmeda)''' and 1.325(3)-1.326(3) A for 
the lithium fluoroarylamidinate Li[(NSiMe3)2C(C6H4CF3-4)](tmeda).'' 
The observed Li—Namidinate distances of 2.004(4) and 2.027(4) A indicate a slightly 
unsymmetrical coordination of L^ to the lithium center. This may be ascribed to the 
difference in electronic as well as steric effects of the SiMcj and Ar substituents attached 
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to the amidinato nitrogens. The Li—Namidinate distances are comparable to that of 2.023 人 
(av.) reported for Li[PhNC(Ph)NPh](tmeda),^^^ but shorter than those of 2.076(6) and 
2.188(6) A in the monomeric Li[PhNC(Ph)NPh](pmdeta),^^^ and 2.144 A (av.) in the 
dimeric [Li{(NSiMe3)2CC6H4Me4}(THF)2]2.3ic They are also similar to the Li-N 
distances of 1.98(3)-2.03(3) A reported for the isoelectronic lithium guanidinate 
[Li{(NC6Hii)2C[(SiMe3)2]}]2.i2h，3ie 
Table 3.3. Selected bond distances (A) and angles (°) for [LiL^tmeda)] (15). 
Li(l)-N(l) 2.027(4) Li(l)-N(2) 2.004(4) 
Li(l)-N(3) 2.115(4) Li(l)-N(4) 2.107(4) 
N(l)-C(l) 1.321(2) N(2)-C(l) 1.333(2) 
C(l)-C(2) 1.505(3) N(l)-C(ll) 1.415(2) 
Si(l)-N(2) 1.693(2) 
N(l)-Li(l)-N(2) 68.78(1) N(3)-Li(l)-N(4) 87.07(1) 
N(l)-Li(l)-N(4) 127.77(2) N(2)-Li(l)-N(3) 118.85(2) 
N(l)-C(l)-N(2) 118.13(2) N(l)-C(l)-C(2) 121.42(2) 
N(2)-C(l)-C(2) 120.44(2) C(l)-N(l)-Li(l) 86.09(2) 
C(l)-N(l)-C(ll) 122.15(2) C(ll)-N(l)-Li(l) 151.33(2) 




r 0 C ( 1 5 ) 
⑴ C.3. C,4, 
c 為 ⑶ -
C ( 2 2 ) ^ \ 
C(IO) 
Figure 3.3. Molecular structure of [LiL^(tmeda)] (15) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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2. Molecular Structure of Compound 16 
Compound 16 crystallizes in a triclinic crystal system with space group P\. The 
solid state structure of 16 consists of a lithium center bound by the amido nitrogen N(2), 
the pyridyl nitrogen N(l), and the two nitrogens N(4) and N(5) from a bidentate tmeda, 
resulting in a distorted tetrahedral N^ ligand environment around the metal center. It is 
noteworthy that V binds to the Li center via N(l) and N(2) and forms a five-membered 
metallacyclic ring, rather than binding through the amidinato moiety N(2)-C(l)-N(3), as 
observed in 15. The metallacyclic ring in 16 is planar with the sum of bond angles equal 
to 540。 
The observed Li—N^ iiide distance of 1.9636(6) A in 16 is shorter than the Li—N 
bond distances of 2.023 A (av.) reported for Li[PhNC(Ph)NPh](tmeda),^^^ and those of 
2.076(6) and 2.188(6) A in Li[PhNC(Ph)NPh](pmdeta).^''^ On the other hand, the 
observed Li-Npyndyi distance of 2.034(6)人 in 16 is somewhat longer than that of 1.983(6) 
A in the monomeric [Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}(Et20)(PhCN)].''' It is 
also longer than the Li-Npy^ dyi distances of 1.968(6) and 1.981(7) A in the dimeric 
[Li{N(SiMe3)C(BiOC(H)(C5H4N-2)}]2’3ib and [Li{N(SiMe3)C(Ph)C(SiMe3) (C5H4N-
2)}]2,3ib respectively. 
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Table 3.8. Selected bond distances (A) and angles (。）for [(Co(L3)2)2.(tmeda)] (19). 
Li(l)-N(l) 2.034(6) Li(l)-N(2) 1.963(6) 
Li(l)-N(4) 2.136(7) Li(l)-N(5) 2.120(7) 
N(l)-€(2) 1.326(4) N(2)-C(l) 1.327(4) 
C(l)-C(2) 1.521(4) N(2)-C(7) 1.417(4) 
N(3)-C(l) 1.292(4) Si(l)-N(3) 1.641(3) 
N(l)-Li(l)-N(2) 83.7(2) N(4)-Li(l)-N(5) 85.6(2) 
N(l)-Li(l)-N(4) 113.6(3) N(2)-Li(l)-N(5) 127.9(3) 
N(l)-C(2)-C(l) 118.4(3) N(2)-C(l)-C(2) 112.8(3) 
N(2)-C(l)-N(3) 132.1(3) N(3)-C(l)-C(2) 115.1(3) 
C(l)-N(2)-Li(l) 115.3(2) . C(7)-N(2)-Li(l) 126.6(3) 
C(2)-N(l)-Li(l) 109.8(2) C(6)-N(l)-Li(l) 132.4(3) 





Figure 3.4. Molecular structure of [LiL'^ (tmeda)] (16) (30% thermal ellipsoids) with the 
atomic labelling scheme. 
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3.3.2. Synthesis, Structures, and Reactivities of Iron(II) and Cobalt(II) 
Benzamidinates 
The Fe(II) and Co(II) benzamidinate complexes 17-19 were readily prepared by 
the reaction of the lithium benzamidinate [LiL^tmeda)] (15) with the corresponding 
metal dichloride in an appropriate stoichiometric ratio. The lithium reagent 15 is easily 
accessible via the reaction of [Li{N(Ar)(SiMe3)}(tmeda)] (Ar = 2，6—MezCgH]) with 
benzonitrile as mentioned in section 3.3.1.^ ^ 
3.3.2.a. Synthesis of Mononuclear Iroii(II) Benzamidinates 
As shown in Scheme 3.4，treatment of anhydrous FeCl? with one molar equiv of 
15 in diethyl ether at -78 °C afforded yellow crystals of the mo«(9(benzamidinate) 
complex [FeL^(Cl)(tmeda)] (17). 
G -
/ \ CI 
2 FeCl2, Et20 ‘ /"\_。丫、丨6-山， <- 7 8 ° C . 1 2 h N ^ 口 MesS/ / 丨 17 58% 
Q - r O 
FeCl2, Et20 / M V^ 
^ ^ ^ O 《 六 : N 々 





On the other hand, the reaction of FeCl? with two equiv of 15 at 0 °C gave the 
Z7/5(benzamidinate) derivative [Fe(L^ )2(tmeda)] (18), also as yellow crystals. Complex 
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17 may be considered as an intermediate compound during the course of reaction to the 
corresponding Z?w(benzamidinate) 18. Thus, the preparation of 17 requires a strict and 
proper control of reaction stoichiometry and conditions. 
3.3.2.b. Synthesis of a Binuclear Cobalt(ll) Benzamidinate 
The binuclear Co(II) benzamidinate complex [(Co(L3)2)2.(tmeda)] (19), isolated as 
dark blue crystals, was readily prepared by the reaction of C0CI2 with two equiv of 15 in 
diethyl ether (Scheme 3.5). 
Me^SK 
O ^ 勿 n N 〒 ： 知 
y C \/ NC SiMe3 
f r \ N N 、 toluene / 
2 <f V c ( > C J + C0CI2 s 
\ = / V N 」 r.t., 12 h 1 
MesS/ a 〉 N zSiMes 




It is noteworthy that the Fe(II) Z?/5(benzamidinate) 18 is mononuclear, whereas the 
Co(II) derivative 19 adopts a binuclear structure, despite a similar coordination 
environment around each metal center of the two complexes. The tmeda ligand binds to 
the Fe(ll) center in 18 in a monodentate manner, whilst it ligates in an unusual bridging 
mode in the Co(ll) derivative 19. Reasons for the different coordination behaviors of the 
tmeda ligand and hence the structure of these two complexes remain elusive at this 
moment. Conceivably, the electronic configuration of the metal centers may play a role 
in determining their molecular structure. 
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3.3.2.c.Physical Characterization of Compounds 17-19 
Compounds 17-19 were characterized by mass spectrometry (E.I. 70 eV), 
elemental analysis, and magnetic moment and melting-point measurement, in addition to 
single-crystal X-ray diffraction techniques. Table 3.5 lists some physical properties of 
compounds 17-19. 
Table 3.5. Some physical properties of compounds 17-19. 
Compound Yield (%) Color M.p. (。C) 
17 58 Yellow crystals 100-102 (dec.) 
18 70 Yellow crystals 118-120 (dec.) 
19 56 Dark blue crystals 69—71 
Complexes 17-19 are soluble in diethyl ether, THF and toluene, but only sparingly 
soluble in saturated hydrocarbons. 
No molecular ion peak [M]+ was identified in the mass spectra of 17 and 19. 
However, fragmentation peaks due to L^ were observed for both compounds: Peaks 
observed for 17 include, [L^ ]^  (295, 18%), [L〗—Me]+ (280，10%), [L'-SiMcj]^ (223, 7%), 
[L'-NSiMes]^ (208, 7%), [L'-(NC6H3Me2-2,6)]^ (176, 27%), [SiMe]]. (73, 50%), and 
[Me2NCH2]+ (58, 100). A similar pattern was observed for 19，viz, [L〗].(296, 43%), 
[L'-Me]" (281，22%), [L〗—SiMe〗]'(223, 7%), [L'-NSiMe3]" (208, 7%), [L?—(NCgH〕Me^-
2，6)]+ (176’ 27%), [SiMe3]+ (73, 50%), and [Me2NCH2]+ (58，100). 
Results of elemental analysis for 17—19 were consistent with their empirical 
formulae. 
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The magnetic moments of complexes 17-19 in benzene solutions at 300 K have 
been measured by the Evans N M R method. The values of 5.13 and 4.96 jig for 17 and 
18，respectively, are close to the spin-only value of 4.90 ^  for four unpaired electrons. 
The magnetic moment of the binuclear complex 19, viz. 2.44 |lIb per Co, is lower than that 
expected for a high-spin cf electronic configuration. Conceivably, complex 19 may 
undergo a mononuclear—binuclear equilibrium in solution which results in the lowered 
observed value. 
3.3.2.(1. Molecular Structures of Compounds 17-19 
Crystals of complexes 17-19 suitable for X-ray diffraction studies were obtained 
from toluene. Figures 3.5-3.7 depict, respectively, the molecular structures of 
complexes 17-19 with the atom numbering schemes. Tables 3.6—3.8 list the selected 
bond distances and angles of the compounds. 
Being a four-electron donor, the benzamidinate ligand L^ coordinates to the metal 
center of 17-19 in a bidentate manner, forming a highly strained four-membered 
lU-N-C-lk metallacyclic ring. The bonding parameters within each benzamidinate 
ligand L^ are normal. Delocalization of electron density over the amidinato N-C-N 
moiety is evidenced by the nearly identical C-N distances (Tables 3.6—3.8). The Ph and 
Ar rings are not co-planar with the plane of the N-C-N motif (Table 3.9). Moreover, 
the C-C distances of 1.497(2)-!.512(3) A between the phenyl substituent and the central 
carbon atom of the N-C-N moiety, as well as the C-N distances of 1.424(1)-1.443(2) A 
between the Ar ring and the N^ idinate atom are typical for Csp2-Csp2 and C.^ j-^ spi single-
bond distances, respectively. This excludes the possibility of any conjugation between 
the amidinato N-C-N moiety and the phenyl or aryl substituents. The observed Si-
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Namidinate distaiices ill 17-19, ranging from 1.722(2)—1.729(1) A , are comparable to those 
reported for other silylamido systems?la 
1. Molecular Structure of Compound 17 
Compound 17 crystallizes in a triclinic crystal system with space group P\. The 
mononuclear complex, which consists of a chloride ligand, a bidentate benzamidinate, 
and a A^^-chelating tmeda, elicits a distorted trigonal bipyramidal geometry. The 
chlorine atom Cl(l)，the benzamidinate nitrogen N(6), and the amino nitrogen N(4) of the 
tmeda constitute the trigonal plane (sum of bond angles around the Fe center = 359.5°), 
whereas the nitrogen atoms N(2) and N(3) occupy the axial positions with N(2)-Fe(l)-
N(3) = 153.54(9)。. Deviation of the N(2)-Fe(l)-N(3) angle from linearity may be 
ascribed to the small bite of the benzamidinate ligand (Table 3.6). 
The observed Fe-Namidinate distances, which range from 2.083(1)—2.260(1) A, 
suggest that each L^ ligand binds in an unsymmetrical manner to the metal center. This 
may be ascribed to the difference in electronic and steric effects of the SiMe〗 and Ar 
substituents on the amidinato nitrogens. The Fe—N^ idinate distances of 17 are longer than 
the corresponding distances of 2.037 A (av.) reported for [Fe{FcC(NCy)2}2.0.25Et2O]i2e 
and 2.020 A (av.) for [Fe{Bu'C(NCy)2}2].i8 They are also longer than those of 1.997(8)-
2.109(9)人 reported for the Fe(lll) compound [Fe{PhC(SiMe3)2}2Cl].4b 
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Table 3.8. Selected bond distances (A) and angles (。）for [(Co(L3)2)2.(tmeda)] (19). 
Fe(l)-N(l) 2.083(1) Fe(l)-N(2) 2.260(1) 
Fe(l)-N(3) 2.298(2) Fe(l)-N(4) 2.204(2) 
Fe(l)-Cl(l) 2.2766(8) N(l)-C(l) 1.314(3) 
N(2)-C(l) 1.325(3) C(l)-C(2) 1.512(3) 
N(l)-C(8) 1.428(3) Si(l)—N ⑵ 1.722(2) 
N(l)-Fe(l)-N(2) 61.87(7) N(3)-Fe(l)-N(4) 78.58(9) 
N(l)-Fe(l)-Cl(l) 120.92(6) N(4)-Fe(l)-Cl(l) 112.74(7) 
N(l)-Fe(l)-N(4) 125.83(8) N(2)-Fe(l)-N ⑶ 153.54(9) 
N(l)-C(l)-N(2) 116.0(2) N(l)-C(l)-C(2) 121.5(2) 
N(2)-C(l)-C(2) 122.5(2) . C(l)-N(l)-Fe(l) 95.1(1) 
C(l)-N(l)-C(8) 123.8(1) C(8)-N(l)-Fe(l) 141.1(1) 
C(l)-N(2)-Fe(l) 87.0(1) C(l)-N(2)-Si(l) 130.2(1) 
Si(l)-N(2)-Fe(l) 139.9(1) 
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Figure 3.5. Molecular structure of [FeL^(Cl)(tmeda)] (17) (30% thermal ellipsoids) with 
the atomic labelling scheme. 
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2. Molecular Structure of Compound 18 
Compound 18 crystallizes in a monoclinic crystal system with space group Pl^ln. 
As for compound 17, the solid-state structure of 18 is monomeric, with the Fe center of 
the latter compound being chelated by two benzamidinate ligands and a monodentate 
tmeda. Disorder on the uncoordinated NMe? terminus of the tmeda ligand has been 
observed (not shown in Figure 3.6). The equatorial plane of the trigonal bipyramidal 
structure is composed of the benzamidinate nitrogens N(l) and N(3)，and the amino 
nitrogen N(5) from the tmeda (sum of bond angles around the Fe center = 360.0。). The 
axial positions are occupied by nitrogens N(2) and N(4) with N(2)-Fe(l)-N(4)= 
159.78(5)。. Deviation of the N(2)-Fe(l)-N(4) angle in 18 from linearity may be 
ascribed to the small bite of the benzamidinate ligand (Table 3.7). 
From the observed Fe-N^ j^dinate distances, which range from 2.096(1)—2.241(1)人， 
we reason that each ligand L^ is binding in an unsymmetrical manner to the metal center. 
Again, this may be ascribed to the difference in electronic and steric effects of the SiMe〗 
and Ar substituents on the amidinato nitrogens. The Fe-Namidinate distances of 18 are 
longer than the corresponding distances of 2.037 A (av.) reported for 
[Fe{FcC(NCy)2}2.0.25Et2O]i2e and 2.020 A (av.) for [Fe{Bu'C(NCy)2}2].i8 They are also 
longer than those of 1.997(8)—2.109(9) A reported for the Fe(III) compound 
[Fe{PhC(SiMe3)2}2Cl].4b 
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Table 3.8. Selected bond distances (A) and angles (。）for [(Co(L3)2)2.(tmeda)] (19). 
Fe(l)-N(l) 2.096(1) Fe(l)-N(2) 2.241(1) 
Fe(l)-N(3) 2.109(1) Fe(l)-N(4) 2.208(1) 
Fe(l)-N(5) 2.184(1) N(l)-C(l) 1.332(1) 
N(2)-C(l) 1.329(1) C(l)-C(2) 1.497(2) 
N(l)-C(8) 1.434(1) N(2)-Si(l) 1.727(1) 
N(3)-C(21) 1.327(1) N(4)-C(21) 1.331(1) 
C(21)-C(22) 1.499(2) N(3)-C(28) 1.443(2) 
N(4)-Si(2) 1.729(1) 
N(l)-Fe(l)-N(2) 62.45(5) N(3)-Fe(l)-N(4) 62.53(5) 
N(l)-Fe(l)-N(3) 128.27(5) N(l)-Fe(l)-N(5) 116.92(6) 
N(3)-Fe(l)-N(5) 114.81(5) N(2)-Fe(l)-N(4) 159.78(5) 
N(l)-C(l)-N(2) 115.6(1) N(l)-C(l)-C(2) 121.5(1) 
N(2)-C(l)-C(2) 122.9(1) C(l)-N(l)-Fe(l) 94.07(8) 
C(l)-N(l)-C(8) 124.5(1) C(8)-N(l)-Fe(l) 141.44(9) 
C(l)-N(2)-Fe(l) 87.83(9) C(l)-N(2)-Si(l) 131.2(1) 
Si(l)-N(2)-Fe(l) 139.16(7) N(3)-C(21)-N(4) 115.0(1) 
N(3)-C(21)-C(22) 122.3(1) N(4)-C(21 )-C(22) 122.6(1) 
C(21)-N(3)-Fe(l) 93.35(9) C(21)-N(3)-C(28) 123.3(1) 
C(28)-N(3)-Fe(l) 143.3(1) C(21)-N(4)-Fe(l) 88.93(9) 
C(21 )-N(4)-Si(2) 130.2(1) Si(2)-N(4)-Fe( 1) 140.61(7) 
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C(44) ^ 0(17) \ 
C(451 (^C(18) 
Figure 3.6. Molecular structure of [Fe(L3)2(tmeda)] (18) (30% thermal ellipsoids) with the 
atomic labelling scheme. Disorder on the uncoordinated NMe? group of the 
tmeda ligand is not shown for clarity. 
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3. Molecular Structure of Compound 19 
Compound 19 crystallizes in a triclinic crystal system with space group Pi. For 
the binuclear complex 19，each Co(II) center is chelated by a pair of benzamidinate 
ligands to form a {C0N4} moiety. Coordination by one amino nitrogen of the tmeda 
ligand completes a distorted trigonal bipyramidal configuration around the metal center. 
It is noteworthy that the tmeda ligand in 19 links two [C0N4] moieties together by 
coordinating in an unusual A^ ,A^ -bridging mode. A few examples of this unusual 
coordination modes of tmeda have been reported for some main-group metal hydrides, 
alkyls, and amides,^ ^ but are rarely observed in transition metal chemistry.^ ^ Recently, a 
binuclear cobalt(II) amido compound which contains such an unusual bridging tmeda 
ligand has been prepared in our laboratory^ 
As for the Fe(ll) derivatives 17 and 18，due to the different steric and electronic 
effects of the SiMcj and Ar substituents, the benzamidinate ligand L^ coordinates to the 
Co(II) center of 19 in an unsymmetrical manner, leading to the non-identical Co-Namidinate 
distances of 2.016(1)-2.246(1)人.The average Co—Namidinate distance in 19 is slightly 
longer than that of 2.011 A (av.) reported for [Co{FcC(NCy)2}2.Et20].i2e 
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Table 3.8. Selected bond distances (A) and angles (。）for [(Co(L3)2)2.(tmeda)] (19). 
Co(l)-N(l) 2.029(1) Co(l)-N(2) 2.246(1) 
Co(l)-N(3) 2.016(1) Co(l)-N(4) 2.198(1) 
Co(l)-N(5) 2.159(2) N(l)-C(l) 1.327(3) 
N(2)-C(l) 1.324(3) C(l)-C(2) 1.504(3) 
N(l)-C(8) 1.424(3) N(2)-Si(l) 1.725(2) 
N(3)-C(21) 1.329(3) N(4)-C(21) 1.318(3) 
C(21)-C(22) 1.500(3) N(3)-C(28) 1.428(3) 
N(4)-Si(2) 1.722(2) 
N(l)-Co(l)-N(2) 62.96(7) N(3)-Co(l)-N(4) 63.66(7) 
N(l)-Co(l)-N(3) 125.32(8) N(l)-Co(l)-N(5) 121.41(7) 
N(3)-Co(l)-N(5) 113.26(7) N(2)-Co(l)-N(4) 163.76(7) 
N(l)-C(l)-N(2) 122.2(2) N(l)-C(l)-C(2) 115.4(2) 
N(2)-C(l)-C(2) 122.5(2) C(l)-N(l)-Co(l) 95.5(1) 
C(l)-N(l)-C(8) 123.9(1) C(8)-N(l)-Co(l) 140.6(1) 
C(l)-N(2)-Co(l) 86.1(1) C(l)-N(2)-Si(l) 130.3(1) 
Si(l)-N(2)-Co(l) 141.9(1) N(3)-C(21)-N(4) 114.6(2) 
N(3)-C(21)-C(22) 121.9(2) N(4)-C(21)-C(22) 123.3(2) 
C(21)-N(3)-Co(l) 94.4(1) C(21)-N(3)-C(28) 123.9(1) 
C(28)-N(3)-Co(l) 141.6(1) C(21)-N(4)-Co(l) 86.8(1) 
C(21)-N(4)-Si(2) 134.4(1) Si(2)-N(4)-Co(l) 137.7(1) 
92 
C24 0 ® C 2 7 ⑶ 
Figure 3.7. Molecular structure of [(Co(L3)2)2.(tmeda)] (19) (30% thermal ellipsoids) with 
the atomic labelling scheme. 
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Table 3.9. Torsional angles (。）formed by the phenyl and Ar substituents with 
the amidinato N-C-N plane for complexes 17-19. 
17 N(2)-C(l)-C(2)-C(3) 57.1 
C(l)-N(l)-C(8)-C(9) 70.7 
18 N(2)-C(l)-C(2)-C(3) 58.7 
C(l)-N(l)-C(8)-C(9) 70.1 
N(3)-C(21)-C(22)-C(23) 80.0 
C(21 )-N(3)-C(28)-C(29) 77.0 
19 N(2)-C(l)-C(2)-C(3) 62.4 
C(l)-N(l)-C(8)-C(9) 71.1 
N(3)-C(21 )-C(22)-C(23) 55.8 
C(21 )-N(3)-C(28)-C(29) 64.1 
3.3.2.e. Reaction of Compound 18 with Dioxygen 
The benzamidinate complex 18 is highly sensitive toward oxygen and moisture. 
Upon exposure of 18 in diethyl ether to dioxygen, the reaction mixture turned 
immediately from yellow to dark brown, from which a triiron(II) oxo compound 
formulated as [FePCn—L3)2(r|2—L])〗](20) was isolated (Scheme 3.6).^ ' 
p . MeaSi SIMea ^ 
/=\ SiMeaff^  ^ N、 
^ ' P v ' v + 02 ^ ^ ^ 
MegSi' ^ C—r^ ^ N—C 
> f f \ MegSi SiMegK 
18 20 8% 
Scheme 3.6 
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3.3.2.f. Molecular Structure of Compound 20 
The solid-state structure of 20 has been determined by X-ray crystallography. 
Figure 3.8 displays its molecular structure with the atom numbering scheme. Selected 
bond distances and angles are listed in Table 3.10. 
Compound 20 crystallizes in a monoclinic crystal system with space group C2/c. 
An interesting feature of the compound is a planar [FcsO] structural motif (sum of bond 
angles around the O atom = 360°), in which each of the three Fe atoms occupies the 
vertex of a equilateral triangle. The Fe - Fe distances of 2.8893(7) A is much longer 
than the sum of the covalent radii of two iron atoms (ca. 1.25 人).37 This exclude the 
possibility of an Fe-Fe bonding. However, it is much shorter than the corresponding 
distances of 3.160(2)-3.197(1) A reported for the ji-oxo iron formamidinate compound 
Fe40(DPhF)6 (DPhF = diphenylformamidinate) "g The Fe-0 distances of 1.870(3)-
1,8956(7) A in 20 are significantly shorter than those of 1.95 A (av.) in the trinuclear 
:Fe30(02CBu%(C5H5N)3].38 They are also shorter than the Fe-0 distances of 1.95 A 
(av.) in Fe40(DPhF)6 "g 
Another intriguing feature of 20 is the coordination modes of the L^ ligands. 
Two types of ligation modes, viz. A^V"—chelating and TV,A^ —bridging are observed in 20. 
The Fe-Namidinate bond distances of 2.019(2)—2.158(2) A in the compound are similar to 
those observed in compounds 17 and 18. 
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Table 3.10. Selected bond distances (A) and angles (°) for [Fe30(|^-L^)2(r|^-L^)2] (20). 
Fe(l)-Fe(2) 2.8893(7) Fe(lA)—Fe(2) 2.8893(7) 
Fe(l)-0(1) 1.8956(7) Fe(lA)-0(l) 1.8956(7) 
Fe(2)-0(1) 1.870(3) Fe(l)-N(l) 2.091(2) 
Fe(l)-N(3) 2.158(2) Fe(l)-N(4) 2.107 (2) 
Fe(2)-N(2) 2.019(2) Fe(2)-N(2A) 2.019(2) 
N(l)-C(l) 1.327(3) N(2)-C(l) 1.346(3) 
N(3)-C(21) 1.321(3) N4(l)-C(21) 1.334(4) 
N(2)-Si(l) 1.771(2) N(4)-Si(2) 1.736(2) 
Fe(l)-0(1)-Fe(2) 100.22(7) Fe(lA)-0(l)-Fe(2) 100.22(7) 
Fe(l)-0(l)-Fe(lA) 159.56(15) 0(1)-Fe(l)-N(l) 107.53(9) 
0(1)—Fe(l)—N(3) 117.88(7) 0(1)-Fe(l)-N(4) 120.40(10) 
N(3)-Fe(l)-N(4) 63.27(9) 0(1)-Fe(2)-N(2) 113.09(6) 
0( 1 )-Fe(2)-N(2A) 113.09(6) C(1 )-N( 1 )-Fe( 1) 131.20(18) 
C(l)-N(2)-Fe(2) 118.44(17) C(21)-N(3)-Fe(l) 89.87(17) 
C(21)-N(4)-Fe(l) 91.73(17) N(l)-C ⑴—C(2) 120.2(2) 
N(2)-C(l)-C(2) 116.7(2) N(l)-C(l)-N(2) 123.1(2) 
N(3)-C(21)-C(22) 122.5(3) N(4)-C(21)-C(22) 122.7(3) 
N(3)-C(21)-N(4) 114.8(2) C(28)-N(3)-Fe(l) 146.35(19) 
C(21)-N(3)-C(28) 123.5(2) C(21)-N(4)-Si(2) 132.3(2) 
Si(2)-N(4)-Fe(l) 134.42(14) C(8)-N(l)-Fe(l) 108.44(17) 





Figure 3.8. Molecular structure of [Fe30(ja-L^)2(ri(20) (30% thermal ellipsoids) 
with the atomic labelling scheme. 
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3.3.3 Synthesis and Structures of Nickel(II) and Copper(I) 
Benzamidinates 
3.3.3.a Synthesis of a Nickel(II) Benzamidinate 
The nickel(Il) amidinate [Ni(L3)2] (21) was readily prepared according to Scheme 
3.7. 
2 f > c t L i 乂〕+ NiC, ^ ^ ^ 
V V r.t..12h N N , 
MeaSi^  丨 \ MeaSi 
15 21 69% 
Scheme 3.7 
Addition of a solution of 15 in ether to a slurry of anhydrous NiCl? in the same 
solvent gave the homoleptic nickel(ll) ^ ^^(benzamidinate) 21 as purple crystals in a 
satisfactory yield. 
Attempted synthesis of the analogous palladium(ll) benzamidinate 
As an extension of our interest to the heavier Group 10 transition-metal 
benzamidinates, we have attempted to synthesize the analogous palladium(II) derivative 
of lA Direct reaction of anhydrous PdClj with 15 in ether resulted in reduction to Pd(0) 
species, as evidenced by the occurrence of a black powder after the reaction. 
Subsequently, the reaction of Pd(SEt2)2Cl2 with two equiv of 15 in THF has also been 
attempted (Scheme 3.8). Only a yellow intractable oil was obtained after the reaction, 
though no obvious sign of reduction had been noted during the course of the reaction. 
98 
2 + Pd(SEt2)Cl2 rt i 2 h “ yellow intractable oil 





reaction of Pd(tnieda)Cl2 with 15 was also unsuccessful (Scheme 
3.9). Only a black solid, presumably due to Pd(0) species, was obtained after work-up 
of the reaction mixture. 
/ r x ”\丨./N、 thf 
2 《 V c ( Li + Pd(tmeda)Cl2 Black solid 
W V \n」 reflux, 12 h 




3.3.3.b. Synthesis of a Binuclear Copper(I) Benzamidinate 
Treatment of CuCl with one molar equiv of compound 15 in THF at room 
temperature afforded the binuclear copper(l) benzamidinate [(CuL)?] (22) as greenish 
yellow crystals in 69% yield (Scheme 3.10). 
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分 9 c 产 3 
r \ THF ^ ^ N - C U - N 
〈 V c ( Li + CuCI ^ \ V C ( )c-<\ /> + blue crystalline 
N-"^  N, r.t., 12 h W N - C U - N ^ compound 
/ / \ / \ / 
MesSi MegSi 
15 22 69% 
Scheme 3.10 
A blue crystalline substance, which remained unidentified, was also isolated along 
with 22. Attempts to purify compound 22 (by recrystallization) for elemental analysis 
were unsuccessful due to contamination by the blue compound. 
Alternatively, 22 could also be prepared by treating Cul with one equiv of 15 in 
THF (Scheme 3.11). In this case, 22 could be isolated in an analytically pure form 
without contamination by other side products. 
O c f X ^ D + CUI THF 
y y：^ r.t., 12 h W ^N-Cu-N 尸 
MegSi^  MegSi 
15 22 63% 
Scheme 3.11 
Attempts to synthesize the corresponding Cu(ll) derivative were unsuccessful. 
Treatment of CuCl] with 15 resulted in reduction to give the Cu(l) compound 22. 
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3.3.3.C. Physical Characterization of Compounds 21 and 22 
Compounds 21 and 22 were characterized by melting point determination, mass 
spectrometry (E.I. 70 eV) and elemental analysis, in addition to single-crystal X-ray 
diffraction studies. Table 3.11 lists some physical properties of compounds 21 and 22. 
Table 3.11. Some physical properties of compounds 21 and 22. 
Compound Yield (%) Color M.p. (°C) 
21 69 Purple crystals 193-195 (dec.) 
22 63 Greenish-yellow crystals 185-187 (dec.) 
The iH and ^ C^ N M R spectra of the nickel derivative 21 showed one single set of 
signals, which are assigned to a pair of equivalent banzamidinate ligands lA No 
paramagnetic shifts were observed in the NMR spectra, suggesting that the compound 
adopts a square planar geometry in solution with a diamagnetic 16-electronic 
configuration. The ^H and ^^ C N M R spectra of 22 showed one single set of signals, 
corresponding to ligand lA 
Results of elemental analysis for both compounds 21 and 22 were consistent with 
their empirical formula, though reproducible analytical data for 22 were difficult to 
obtain. 
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3.3.3.(1. Molecular Structures of Compounds 21 and 22 
Crystals of complexes 21 and 22 suitable for X-ray diffraction studies were 
obtained from diethyl ether and THF, respectively. Figures 3.9 and 3.10 depict, 
respectively, the molecular structures of complexes 21 and 22 with the atom numbering 
schemes. Tables 3.12 and 3.13 list the selected bond distances and angles of the 
compounds. 
1. Molecular Structure of Compound 21 
Compound 21 crystallizes in a triclinic crystal system with space group P\. The 
mononuclear complex consists of two benzamidinate ligands L^ bound in a NJST-
chelating fashion to the Ni(ll) center, resulting in a square planar coordination geometry. 
Square planar structures are particularly favorable for nickel(ll) complexes, with a 16 
electronic configuration, coordinated by strong field ligands. 
The observed Ni-N^ midinate distances of 1.908(1)—1.943(1) A 21 are marginally only 
longer than the corresponding bond lengths of 1.904(5) A (av.) in the binuclear nickel(II) 
complex ofiV,7V-di-p-tolylfonnamidinate [Ni2{MeC(N(C6H4Me-p))2}4].^^' 
102 
Table 3.12. Selected bond distances (A) and angles ( � ) for [Ni(L3)2] (21). 
Ni(l)-N(l) 1.9081(15) Ni(l)-N(2) 1.9431(17) 
Ni(l)-N(3) 1.9229(16) Ni(l)-N(4) 1.9369(17) 
N(1)-C(9) 1.318(3) N(2)-C(9) 1.331(2) 
C(9)-C(10) 1.491(3) N(l)-C(l) 1.425(2) 
N(2)-Si(l) 1.7356(17) N(3)-C(29) 1.321(3) 
N(4)-C(29) 1.329(2) C(29)-C(30) 1.499(3) 
N(3)-C(21) 1.427(3) N(4)-Si(2) 1.7415(18) 
N(l)-Ni(l)-N(2) 68.92(7) N(2)-Ni(l)-N(3) 111.25(7) 
N(l)-Ni(l)-N(4) 110.32(7) N(3)-Ni(l)-N(4) 69.10(7) 
N(l)-C(9)-N(2) 110.71(18) N(l)-C(9)-C(10) 123.96(18) 
N(2)-C(9)-C(10) 125.27(19) C(9)-N(l)-Ni(l) 90.50(12) 
C(l)-N(l)-C(9) 124.87(17) C(l)-N(l)-Ni(l) 137.81(13) 
C(9)-N(2)-Ni(l) 88.63(12) C(9)-N(2)-Si(l) 131.96(15) 
Si(l)-N(2)-Ni(l) 139.29(10) N(3)-C(29)-N(4) 111.35(17) 
N(3)-C(29)-C(30) 123.66(18) N(4)-C(29)-C(30) 124.87(19) 
C(29)-N(3)-Ni(l) 89.39(12) C(29)-N(3)-C(21) 123.38(17) 
C(21)-N(3)-Ni(l) 138.65(14) C(29)-N(4)-Ni(l) 88.57(12) 
C(29)-N(4)-Si(2) 129.76( 14) Si(2)-N(4)-Ni( 1) 141.61(9) 
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C ( 2 4 ) 
C ( 2 6 ) ^ \ C d e i ^ Y S ' H ) 
I ^ ^ ^ /c(9) cm) 
C(31) C ( 2 9 ) / ^ ^ ^ ^ / 
C ( 3 4 ) 义 s . ( 2 ) C l s T V A 
^ C ( 3 6 ) C ( 4 ) 
Figure 3.9. Molecular structure of [Ni(L^ )2] (21) (30% thermal ellipsoids) with the atomic 
labelling scheme. 
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2. Molecular Structure of Compound 22 
Compound 22 crystallizes in a monoclinic crystal system with space group P2Jc. 
Its solid-state structure consists of a dimeric compound, with two trans bridging 
benzamidinate ligands. 
The observed Cu-Cu distance of 2.432(5) A is similar to that of 2.425(2) A 
reported for the copper(l) complex [Cu2[PhC(NSiMe3)2]2]，35 and those of 2.420(1) A for 
binuclear copper® amide [Cu2[N(SiMe3X2-C5H3N-6—Me)]?]?] They are also shorter 
than those of 2.46 A reported for [Cu2{PhNC(Ph)NPh}4].''' The Cu—N distances of 
1.8824(2)-!.8876(2) A are comparable to those of 1.875(4)-1.887(4)A for the copper(l) 
amide [Cu2[N(SiMe3X2-C5H3N-6—Me)]?? and those of 1.890 A (av.) for 
[Cu2[PhC(NSiMe3)2]2]34b 
Table 3.13. Selected bond distances (A) and angles (。）for [CuL;]: (22). 
Cu(l)-Cu(lA) 2.4325(5) Cu(l)-N(l) 1.8876(18) 
Cu(l)-N(2A) 1.8824(18) Cu(lA)-N(lA) 1.8876(18) 
Cu(lA)-N(2) 1.8824(18) N(l)-C(7) 1.329(3) 
N(2)-C(7) 1.329(3) C(6)-C(7) 1.494(3) 
N(2)-C(8) 1.427(3) Si(l)-N(l) 1.7486(18) 
N(l)-Cu(l)-N(2A) 176.19(7) N(2)-Cu(lA)-N(lA) 78.58(9) 
N(l)-Cu(l)-Cu(lA) 91.87(5) C(7)-N(l)-Cu(l) 116.96(14) 
C(7)-N(2)-Cu(lA) 124.82(15) C(8)-N(2)-Cu(lA) 112.36(14) 
Si(l)-N(l)-Cu(l) 113.32(10) N(l)-C(7)-N(2) 121.60(19) 
N(l)-C(7)-C(6) 119.96(18) N(2)-C(7)-C(6) 118.44(18) 
C(7)-N(2)-C(8) 122.32(19) C(7)-N(l)-Si(l) 129.56(16) 
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Figure 3.10. Molecular structure of [CuL^L (22) (30% thermal ellipsoids) with the atomic 
labelling scheme. 
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3.3.4. Synthesis and Structures of Mononuclear Zinc(II) and 
Cadmium(ll) Benzamidinates 
3.3.4.a. Synthesis of Mononuclear Zinc(ll) and Cadmium(ll) Benzamidinates 
Synthesis of a neutral mononuclear zinc(Il) benzamidinate has been achieved by a 
metathetical exchange between anhydrous zinc(ll) chloride with the lithium reagent 15 
(Scheme 3.12). 
9r ^ c , I 
时 。 + MCI2 O - f r ^ 
MeaSi^  MeaSi 
23: M = Zn 60% 
15 24: M = Cd 45% 
Scheme 3.12 
Treatment of compound 15 with one equiv of anhydrous ZnCl? in diethyl ether 
afforded compound 23 as a white crystalline solid, which was recrystallized from toluene. 
The monomelic cadmium(II) derivative 24 was prepared by an analogous 
procedure by treating one equiv of compound 15 with CdCl〗 in diethyl ether. 
3.3.4.b. Physical Characterization of Compounds 23 and 24 
Compounds 23 and 24 were characterized by ^ H and ^ C^ N M R spectroscopy, mass 
spectrometry (E.I. 70 eV), melting-point measurement, and elemental analysis, in 
addition to X-ray crystallography. Table 3.14 lists some physical properties of 
compounds 23 and 24. 
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Table 3.14. Some physical properties of compounds 23 and 24. 
Compound Yield (%) Color M.p. (。C) 
23 60 Colorless crystals 118—120 
24 45 Colorless crystals 116-117 
The iH and ^ C^ N M R spectra of 23 and 24 showed, respectively, one single set of 
signals, which are assigned to a benzamidinate ligand However, some other peaks 
due to the presence of impurity were observed. 
Results of elemental analysis for both 23 and 24 deviated from the expected 
empirical formula of the compounds, although repeated purification of the two 
compounds by recrystallization were carried out. W e surmise that some lithium salts 
may have co-crystallized along with the compounds, making their purification difficult. 
No molecular ion peaks were observed in the mass spectra of 23 and 24. Only 
fragmentation peaks due to L^ were observed. 
3.3.4.C. Molecular Structures of Compounds 23 and 24 
Crystals of 23 and 24 suitable for X-ray diffraction studies were obtained from 
diethyl ether. Figures 3.11 and 3.12 depict, respectively, the molecular structures of 
complexes 23 and 24 with the atom numbering schemes. Tables 3.15 and 3.16 list the 
selected bond distances and angles of the compounds. 
1. Molecular Structure of Compound 23 
Compound 23 crystallizes in a triclinic crystal system with space group PI. The 
zinc center is bound by one bidentate benzamidinate, one chelating tmeda molecule and 
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one chloride atom, resulting in a distorted trigonal bipyramidal geometry around the 
metal center. The chlorine atom Cl(l)，the benzamidinate nitrogen N(l), and the amino 
nitrogen N(3) of the tmeda constitute the trigonal plane (sum of bond angles around the 
Zn center = 358.6。), whereas the nitrogen atoms N(2) and N(4) occupy the axial positions 
with N(2)-Zn(l)-N(4) = 154.87(8)。. Similar to compound 17, the deviation of the 
N(2)-Zn(l)-N(4) angle from linearity may be ascribed to the small bite of the 
benzamidinate ligand. 
Table 3.15. Selected bond distances (A) and angles (。）for [ZnL\Cl)(tmeda)] (23). 
Zn(l)-N(l) 2.0195(17) Zn(l)-N(2) 2.3519(18) 
Zn(l)-N(3) 2.1444(19) Zn(l)-N(4) 2.279(2) 
Zn(l)-Cl(l) 2.2523(7) N(l)-C(l) 1.333(3) 
N(2)-C(l) 1.318(3) C(l)-C(2) 1.505(3) 
N(l)-C(8) 1.425(3) Si(l)-N(2) 1.721(2) 
N(l)-Zn(l)-N(2) 61.44(7) N(3)-Zn(l)-N(4) 81.05(8) 
N( 1 )-Zn( 1)—Cl( 1) 121.02(6) N(4)-Zn( 1)—Cl( 1) 100.04(7) 
N(l)-Zn(l)-N(4) 100.17(8) N(2)-Zn(l)-N(3) 96.41(7) 
N(l)-C(l)-N(2) 116.29(18) N(l)-C(l)-C(2) 120.72(18) 
N(2)-C(l)-C(2) 122.99(19) C(l)-N(l)-Zn(l) 98.17(13) 
C(l)-N(l)-C(8) 123.81(17) C(8)-N(l)-Zn(l) 138.00(14) 
C(l)-N(2)-Zn(l) 84.01(13) C(l)-N(2)-Si(l) 130.13(16) 
Si(l)-N(2)-Zn(l) 142.64(10) 
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C(21) S i ( 1 ) ^ > - - ^ C ( 1 7 ) 
^ © C ( 1 8 ) 
C(16) ^ ^ 
Figure 3.11. Molecular structure of [ZnL^(Cl)(tmeda)] (23) (30% thermal ellipsoids) with 
the atomic labelling scheme. 
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2. Molecular Structure of Compound 24 
On the other hand, compound 24 crystallizes in a monoclinic crystal system with 
space group P2^/c, though its molecular structure is similar to that of compound 23. The 
metal center also adopts a distorted trigonal bipyramidal geometry. The benzamidinate 
nitrogen N(l)，the amino nitrogen N(3) of the tmeda and the chloride atom define the 
trigonal plane (sum of bond angles around the Cd center = 360.0。）. The remaining two 
axial positions are occupied by N(2) and N(4). Deformation of the N(2)-Cd(l)-N(4) 
angle from linearity [N(2)-Cd( 1 )-N(4) = 147.6。] may be a consequence of the highly 
strained four-membered metallacyclic rings [the NamMinate—Cd—Namidinate bite angle = 
58.4(1)°]. 
Table 3.16. Selected bond distances (A) and angles (。）for [CdL^(Cl)(tmeda)] (24). 
Cd(l)-N(l) 2.307(5) Cd(l)-N(2) 2.314(5) 
Cd(l)-N(3) 2.400(6) Cd(l)-N(4) 2.418(6) 
Cd(l)-Cl(l) 2.437(2) N(l)-C(l) 1.325(8) 
N(2)-C(l) 1.325(8) C(l)-C(2) 1.497(9) 
N(l)-C(8) 1.420(8) Si(l)-N(2) 1.735(5) 
N(l)-Cd(l)-N(2) 58.41(18) N(3)-Cd(l)-N(4) 75.7(2) 
N(l)-Cd(l)-Cl(l) 124.28(14) N(4)-Cd(l)-Cl(l) 97.86(15) 
N(l)-Cd(l)-N � 96.12(19) N(2)-Cd(l)-N(3) 105.3(2) 
N(l)-C(l)-N(2) 11.66(6) N(l)-C(l)-C(2) 120.9(6) 
N(2)-C(l)-C(2) 122.5(6) C(l)-N(l)-Cd(l) 92.6(4) 
C(l)-N(l)-C(8) 124.8(5) C(8)-N(l)-Cd(l) 124.5(4) 





Figure 3.12. Molecular structure of [CdL^(Cl)(tmeda)] (24) (30% thermal ellipsoids) with 
the atomic labelling scheme. 
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3.4. EXPERIMENTALS FOR CHAPTER 3 
2,6-Dimethylaniline and benzonitrile were dried over and distilled from 
potassium hydroxide and phosphorus pentoxide, respectively. 
tetramethylethylenediamine was distilled over sodium before use. Anhydrous metal 
salts (FeCl2, C0CI2, NiCl2, CuCl, ZnCl�，and C d C y were purchased from Aldrich and 
were used as received. 
Synthesis of [2,6-Me2C6H3NH(SiMe3)] (13). To a colorless solution of 2,6-
Me2C6H3NH2 (6.06 g, 50.00 mmol) in diethyl ether (50 mL) at 0。C was added dropwise a 
solution of LiBu" in hexanes (1.6 M , 37.5 mL, 60.0 mmol). The solution was stirred at 
room temperature for 4 hours. The resulting yellow solution was then added to a 
colorless solution ofMcsSiCl (6.3 mL, 50.0 mmol) in diethyl ether (100 mL) at 0。C and 
the reaction mixture was stirred at room temperature for 8 hours to give a pale yellow 
solution with white precipitation. The mixture was filtered through Celite and all the 
volatiles were removed from the filtrate under reduced pressure. Compound 13 was 
obtained by vacuum distillation as a colorless liquid (5.67 g, 29.4 mmol, 59 %). B.p.: 45 
。C (at 0.01 mbar). N M R (300.13 MHz, 5 6.99 (d, 6.0 Hz, 2 H, ArH), 6.79 
(t, 6.0, 1 H, Ar//), 2.26 (s, 6 H，ArCi/3), 0.17 (s, 9 H, SiMe,). 
Synthesis of [Li{N(SiMe3)(C6H3Me2-2，6)}(tmeda)】（14). To a colorless mixture of 
compound 13 (3.86 g，20.0 mmol) and tmeda (3.0 mL, 20.0 mmol) in diethyl ether (30 
mL) at 0 was added dropwise a solution of LiBu" in hexanes (1.6 M , 15.0 mL, 24.0 
mmol). The mixture was stirred at room temperature for 4 hours and filtered through 
Celite. The filtrate was then concentrated to ca. 10 m L to give compound 14 as 
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yellowish-brown crystals. The product was washed three times with hexanes and dried 
in vacuo (4.63 g，14.7 mmol, 74 %). 
Synthesis of [Li{(Me3Si)NC(Ph)N(C6H3Me2-2,6)}(tmeda)] (15). To a solution of 
PhCN (1.5 mL, 14.7 mmol) in diethyl ether (30 mL) at 0。C was slowly added a yellow 
solution of compound 14 (4.63 g, 14.7 mmol) in diethyl ether (20 mL). The reaction 
mixture was stirred at room temperature for 12 hours to give an orange suspension, which 
was filtered through Celite and the filtrate then concentrated to ca. 10 m L under reduced 
pressure. Crystallization at ambient temperature afforded compound 15 as colorless 
crystals. The product was washed three times with hexanes and dried in vacuo (4.56 g, 
10.9 mmol, 74 %). M.p.: 116-118 N M R (300.13 MHz, 5 7.36—7.38 (m, 
2 H, A Y H ) , 6.98-7.04 (m, 4 H, Cgiy, 6.87-6.92 (m, 1 H, QH，)，6.77 (t,J= 7.5 Hz, 1 H， 
AvH), 2.39 (s, 6 H, AvCH,), 1.99 (s，12 H, NC//3), 1.77 (s, 4 H, NC//，)，0.12 (s, 9 H, 
SiMe3). i3c{1h} N M R (75.47 MHz, QD^): 6 173.6, 151.6，144.2, 130.8, 127.2, 126.8, 
126.7, 122.1, 120.8, 56.6，45.6, 19.9, 3.48. M S (E.I. 70 eV): m/z (%) 296 (22) [V]\ 281 
(11) [L厂Me]+, 208 (8) [L〗—NSiMe〗].,176 (33) [L'-NAr]^ 73 (71) [SiMe.T, 58 (100) 
[Me2NCH2]^ Anal. Found: C，69.10; H，9.48; N, 13.51 %. Calc. for C24H39N4LiSi: C, 
68.86; H, 9.39; N，13.38 %. 
Synthesis of [Li{(Me3Si)NC(Py)N(C6H3Me2-2,6)}(tmeda)] (16). To a solution of 2-
PyCN (2.08 g, 20.0 mmol) in diethyl ether (30 mL) at 0 was slowly added a yellow 
solution of compound 14 (6.30 g, 20 mmol) in diethyl ether (20 mL). The reaction 
mixture was stirred at room temperature for 12 hours. All the volatiles were then 
removed in vacuo and the residue was extracted with toluene (15 mL) to give a green 
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extract, which was filtered through Celite and the filtrate concentrated to ca. 10 m L under 
reduced pressure. Crystallization at ambient temperature afforded compound 16 as 
yellow crystals. The product was washed three times with hexane and dried in vacuo 
(4.36 g，10.4 mmol, 52 %). M.p.: 156-158 (dec.). N M R (300.13 MHz, 5 
9.19 (br s, 1 H, Py//), 7.74 (br s，1 H，PyH), 7.25 (d, J = 6.9 Hz, 3 H，FyH), 6.96-7.11 (m, 
2 H, ArH), 6.72 (t, J = 5.7 Hz, IH, Ar//), 2.41 (s, 6 H, ArCH^), 1.69 (br s，12 H，NCH^), 
0.59 (br s, 4 H, NC//2), 0.37 (s, 9 H, SiMe,). N M R (75.47 MHz, C^)： § 163.4, 
144.9，136.9，131.9，128.7，125.8, 122.8，122.2, 121.1, 56.7，45.5, 19.7，4.0, 3.6. M S 
(E.I. 70 eV): m/z (%) 297 (41) [LT, 282 (41) [L'-Me]^ 208 (16.7) [L'-NSiMes].，177 
(75) [L4-NAr]+，73 (75) [SiMe3]+，58 (100) [Me2NCH2]+. Anal. Found: C, 65.41; H，9.20; 
N, 16.74%. Calc. for C23H38N5LiSi: C, 65.84; H, 9.13; N，16.68 %. 
Synthesis of [FeL^(Cl)(tmeda)] (17). A slurry of FeCl〗（0.34 g, 2.68 mmol) in diethyl 
ether (10 mL) was cooled to -78 °C. To this was added dropwise a solution of 
[LiL^(tmeda)] (15) (1.12 g, 2.68 mmol) in the same solvent (20 mL). After stirring 
at -78 for 20 min, the solution was allowed to warm slowly to room temperature and 
stirred for a further period of 12 hours. All the volatiles were then removed in vacuo 
and the residue was extracted with toluene (30 mL). The yellowish-brown solution was 
filtered and the filtrate concentrated to ca. 3 mL. Standing the solution at ambient 
temperature for one day gave compound 17 as yellow crystals. The product was washed 
three times with hexanes and dried in vacuo (0.78 g, 1.55 mmol, 58 %). M.p.: 100-102 
。C (dec.). Heff = 5.13 ix^ . Anal. Found: C, 56.75; H, 7.83; N, 11.28 %. Calc. for 
C24H39FeN4SiCl: C, 57.31; H，7.81; N, 11.13 %. 
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Synthesis of [Fe(L^)2(tmeda)] (18). To a suspension of FeCl! (0.44 g, 3.47 mmol) in 
diethyl ether (20 mL) at 0。C was added dropwise a solution of [LiL^(tmeda)] (15) (2.91 g， 
6.94 mmol) in the same solvent (10 mL). The reaction mixture was stirred at room 
temperature for 12 hours to afford an olive-green suspension, which was filtered and the 
filtrate concentrated to ca. 3 m L to give the title compound as yellow crystals. The 
product was washed three times with hexanes and then dried in vacuo (1.85 g, 2.43 mmol, 
70 %). M.P.: 118-120。C (dec.), f^f = 4.96 Anal. Found: C, 65.61; H，8.29; N， 
11.19%. Calc. for C42H62FeN4Si2: C, 66.11; H，8.19; N, 11.01 % . 
Synthesis of [(Co(L3)2)2-(tmeda)] (19). A solution of [LiL^(tmeda)] (15) (2.06 g, 4.92 
mmol) in diethyl ether (10 mL) was added slowly to a slurry of CoClj (0.32 g, 2.46 mmol) 
in diethyl ether (20 mL) at 0 Upon stirring at room temperature for 12 hours, a blue 
solution with a grey precipitate was obtained. The mixture was filtered through Celite 
and the filtrate concentrated to ca. 3 mL. Standing the solution at ambient temperature 
for one day gave compound 19 as dark blue crystals. The compound was washed three 
times with hexanes and dried in vacuo (1.95 g, 1.38 mmol, 56 %). M.p.: 69-71 
I^eff = 2.44 i^B per Co atom. Anal. Found: C, 66.75; H, 7.71; N, 9.38 %. Calc. for 
C78Hio8Co2Ni。Si4: C, 66.16; H, 7.69; N, 9.89 %. 
Synthesis of [Ni(L^ )2] (21). To a stirring suspension of NiCl，(0.42 g，3.24 mmol) in 
diethyl ether (20 mL) at 0 was added dropwise a yellow solution of compound 15 
(2.71 g, 6.48 mmol) in diethyl ether (10 mL). The reaction mixture was warmed slowly 
to room temperature and stirred at room temperature for a further period of 12 hours. 
The solvent was removed under reduced pressure and the residue was extracted with 
toluene (30 mL). The resulting brown suspension was then filtered and the filtrate was 
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concentrated to ca. 3 m L to give compound 21 as purple crystals. The product was 
washed with hexanes (three times) and dried in vacuo (1.46 g, 2.24 mmol, 69 %). M.p.: 
193-195。C (dec.). Anal. Found: C, 65.94; H, 7.11; N，8.73 % . Calc. for 
CjeH^gN^NiSiz: C，66.56; H, 7.14; N，8.62 %. 
Synthesis of [{CuL'jj] (22). To a stirring suspension of Cul (0.27 g, 1.43 mmol) in THF 
(20 mL) at 0。C was slowly added a solution of compound 15 (L19 g, 2.86 mmol) in THF 
(30 mL). The resulting solution was stirred at room temperature for 12 hours. All the 
volatiles were removed in vacuo and the residue was extracted with toluene. The extract 
was filtered and the filtrate concentrated to ca. 5 mL. Upon standing the solution at 
ambient temperature gave compound 22 as greenish-yellow crystals. They were washed 
with hexanes and dried under vacuum (0.65 g, 0.90 mmol, 63 %). M.p.: 185-187 
(dec.). iH N M R (300.13 MHz, QD^)： § 6.84—6.74 (m, 6 H，KxH and 6.72-6.62 
(m, 2 H, kxH), 2.45 (s，6 H，KxCH,\ 0.08 (s, 9 H, ^ iMe,). N M R (75.47 MHz, 
5 177.4, 146.6, 140.1’ 132.8，128.6, 127.8，127.2, 124.7, 20.4，3.4. M S (E.I. 70 
eV): m/z (%) 296 (34) [LT, 281 (15) [V-MQ]\ 208 (6) [L3-NSiMe3]+，176 (36) [L^ -
NAr]+, 73 (71) [SiMe�]—，58 (100) [MesNOy+.Anal. Found: C，59.17; H, 6.46; N, 7.94 %. 
Calc. For CsgliieCuzNASiz: C，60.22，H, 6.46, N，7.80 % . 
Synthesis of [ZnL^(Cl)(tmeda)] (23). To a suspension of ZnCl? (0.37 g, 2.71 mmol) in 
diethyl ether (10 mL) at 0 X! was added drop wise a yellow solution of compound 15 
(1.13 g, 2.71 mmol) in diethyl ether (10 mL). The reaction mixture was stirred at room 
temperature for 10 hours. All the volatiles were then removed under reduced pressure 
and the residue was extracted with toluene (20 mL). The resulting colorless suspension 
was then filtered and the filtrate was concentrated to ca. 2 mL. Upon standing, the 
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solution at ambient temperature gave compound 23 as colorless crystals. The product 
was washed with hexanes (three times) and dried in vacuo (0.84 g, 1.63 mmol, 60 %). 
M.p.: 116-120。C. ^H N M R (300.13 MHz，C^)： § 7.18 (t, 1.5，1 H，AxH), 6.82-
6.93 (m，6 H, Ar/Zand C狗,6.73-6.76 (m，1 H, ArH), 3.14 (s, 6 H, ArCH,), 2.93 (s, 12 
H, NCi/3), 2.81 (s，4 H，NCi/2), 1.38 (s, 9 H，SiMe,). N M R (75.47 MHz, 
5 173.3，147.1, 140.3, 133.6, 127.4，127.2，123.5, 121.9, 56.6, 56.2, 47.1，20.0，3.2. M S 
(E.I. 70 eV): m/z (%) 296 (34) 281 (15) [L'-Me]^ 208 (6) [L'-NSiMes]—，176 (36) 
[L3-NAr]+, 73 (71) [SiMe3]+, 58 (100) [Me2NCH2]+. Satisfactory elemental analysis data 
could not be obtained. 
Synthesis of [CdL^(Cl)(tmeda)] (24). To a slurry of CdCl〗（0.67 g, 3.65 mmol) in 
diethyl ether (20 mL) at 0 was added dropwise a yellow solution of compound 15 
(1.53 g, 3.65 mmol) in diethyl ether (10 mL). The reaction mixture was stirred at room 
temperature for 10 hours to give a colorless solution with a white precipitate, which was 
filtered and the filtrate concentrated to ca. 2 m L to give compound 24 as colorless crystals. 
The product was washed three times with hexanes and dried in vacuo (0.91 g，1.63 mmol, 
45 %). M.p.: 116—117。C. iH N M R (300.13 MHz, QD^): 5 7.21 (m, 1 H，AxH), 6.86-
6.92 (m, 6 H, ArT/and 6.79-6.83 (m, 1 H, AxH), 2.48 (s，4 H, NC//^), 2.32 (s, 6 H, 
AxCH,\ 2.18 (s, 12 H, NOf〕), 0.00 (s，9 H ， N M R (75.47 MHz, 
5 172.9，146.8，140.3, 132.7，127.5，123.6, 122.3，66.2, 58.3, 46.6, 47.1，19.5, 3.3. M S 
(E.I. 70 eV): m/z (%) 296 (34) [L^f, 281 (15) [L〗—Me]+，208 (6) [L^-NSiMej]^ 176 (36) 
[L3-NAr]+, 73 (71) [SiMe3]+, 58 (100) [Me2NCH2]+. Satisfactory elemental analysis data 
could not be obtained. 
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APPENDIX 1 
General Procedures, Physical Measurements and X-Ray Structure Analysis 
All reactions were carried out under a purified nitrogen atmosphere using 
modified Schlenk techniques or in a Braun M B 150-M drybox. Solvents were dried 
over sodium wire and distilled under nitrogen from calcium hydride (hexanes) or sodium 
benzophenone (diethyl ether, THF and toluene), and degassed twice by freeze-thaw 
cycles. 
Melting-points were recorded on an Electrothermal melting-point apparatus and 
were uncorrected. Magnetic moments were measured in benzene solutions at 300 K by 
the Evans method using a JEOL 60 M H z N M R Spectrometer. Mass spectra were 
obtained on a Hewlett-Packard 5989B Mass Engine Spectrometer (E.I. 70 eV). G C M S 
analysis were performed by a Hewlett-Packard GC(HP 6890)-MS(HP 5973) analyzer 
equipped with a HP-5MS (5% phenyl methyl siloxane) column. Elemental analysis (C, 
H, N) were performed by M E D A C Ltd., Brunei University, UK. 
Single-crystals of compounds 3-10, 12 and 15-24 suitable for crystallographic 
studies were mounted in glass capillaries and sealed under nitrogen. Data were collected 
on a Bruker S M A R T C C D diffractometer at 294 K using graphite—monochromatized 
Mo—Ka radiation (k = 0.71073 A). The structures were solved by direct phase 
determination using the computer program SHELX—97 on an IBM compatible personal 
computer and refined by full-matrix least squares with anisotropic thermal parameters for 
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the non-hydrogen atoms.° Hydrogen atoms were introduced in their idealized positions 
and included in structure factor calculations with assigned isotropic temperature factors. 
° Sheldrick, G. M . SHELX-97; Package for Crystal Structure Solution and Refinement.’ University of 
Gottingen: Gottingen, Germany, 1997. 
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APPENDIX 2 
Table A-1. Selected crystallographic data for compounds 3 and 4. 
Table A-2. Selected crystallographic data for compounds 5 and 6. 
Table A-3. Selected crystallographic data for compounds 7 and 8. 
Table A-4. Selected crystallographic data for compounds 9 and 10. 
Table A-5. Selected crystallographic data for compounds 11 and 12. 
Table A-6. Selected crystallographic data for compounds 15 and 16. 
Table A-7. Selected crystallographic data for compounds 17-19. 
Table A—8. Selected crystallographic data for compounds 20-22. 
Table A—9. Selected crystallographic data for compounds 23 and 24. 
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Table A-6. Crystallographic data for compounds 15 and 16. 
3 4 
Mol formula C32H54Li2N8Si4 CagHssKsNgSiz 
Mol weight 677.07 641.20 
Crystal size, m m〗 0.54 x 0.52 x 0.48 0.35 x 0.32 x 0.30 
Crystal system Monoclinic Monoclinic 
Space group Pljc P2Jn 
a, A 10.321(1) 11.645(2) 
b,A 19.816(2) 11.940(2) 
c, A 11.208(1) 15.086(2) 
Adeg 111.676(2) 91.375(3) 
Z 2 4 
2130.2(4) 2097.2(5) 
Density, g cm"^ 1.056 1.015 
Abs coefficient, m m ] 0.169 0.309 
Reflection collected 14883 13995 
Unique data measured 5142 5046 
Obs. data with/>2o(7) 2132 1866 
No. of variable 213 181 
Final R indices [/> 2o(7)r 们=0.0490 Rl = 0.0533 
滅 2 = 0.1309 慮 = 0 . 1 4 0 1 
R indices (all data)。 及 1 = 0.1324 Rl = 0.1418 
滅 2 二 0.1623 滅 2 = 0.1744 
“ = S 丨丨/g -丨厂。丨丨 / 2： |FJ ； wR2 = {S - F.'f] / S [w(F。2)2]广 
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Table A-2. Crystallographic data for compounds 5 and 6. 
5 6 
Mol formula CsaliisFeNeSi? CszHdsCoNsSi: 
Mol weight 502.65 505.73 
Crystal size, i W 0.46 x 0.34 x 0.31 0.42 x 0.25 x 0.23 
Crystal system Monoclinic Monoclinic 
Space group P2,/c Pljc 
a, A 9.133(2) 10.819(9) 
b,k 18.356(5) 15.669(1) 
c,A 17.754(4) 16.790(1) 
/?,deg 104.195(5) 95.81(2) 
Z 4 4 
V,人3 2885(1) 2832(4) 
Density, g cm"^ 1.157 1.186 
Abs coefficient, mm-i 0.625 0.713 
Reflection collected 19406 12631 
Unique data measured 6957 3938 
Obs. data with/>2o(7) 3251 1680 
No. of variable 281 281 
Final R indices [I>2o{I)Y 灭 1 二 0.0416 R\ = 0.0856 
wR2 = 0.0894 滅 2 = 0.2015 
R indices (all data)“ Rl = 0.1228 Rl = 0.1880 
wR2 = 0.1125 wR2 = 0.2582 
|FJ ； wR2 = {S [w(i^�2 — F.'f] / Z [wiF^'f]}�'“• 
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Table A-2. Crystallographic data for compounds 5 and 6. 
5 6 
Mol formula C24H46FeN6Si2 CzAliisCoNsSi】 
Mol weight 530.70 533.78 
Crystal size, m m〗 0.45 x 0.42 x 0.35 0.46 x 0.34 x 0.25 
Crystal system Monoclinic Monoclinic 
Space group CUc CUc 
a,k 16.362(3) 16.243(5) 
b,k 11.073(2) 11.064(3) 
c,A 17.525(4) 17.441(5) 
钱 deg 106.700(4) 106.656(6) 
Z 4 4 
F, A ' 3041.4(11) 3003.0(15) 
Density, g cm'' 1.159 1.181 
Abs coefficient, mm"' 0.596 0.673 
Reflection collected 9879 9999 
Unique data measured 3676 3624 
Obs. data with/>2o(7) 2076 2190 
No. of variable 150 150 
Final R indices [I>2a(I)Y 们=0.0479 R\ = 0.0472 
滅 2 = 0.1214 慮 = 0 . 1 2 0 9 
R indices (all data)“ = 0.0931 R1 = 0.0780 
wR2 = 0.1408 wR2 = 0.1346 
|FJ ； wR2 = {Z - F.Y] / E [wiF^'f]}'^' 
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Table A-6. Crystallographic data for compounds 15 and 16. 
9 10 
Mol formula CAsHgeFeNaO^ C42H66C0N2O2 
Mol weight 686.82 689.90 
Crystal size, m m〗 0.75 x 0.47 x 0.34 0.79 x 0.47 x 0.32 
Crystal system Tetragonal Tetragonal 
Space group PA{1{1 PA,2,2 
a, A 12.7461(11) 12.7461(11) 
b,A 12.7461(11) 12.7461(11) 
c, A 54.449(5) 54.449(5) 
(5, deg 90 90 
Z 8 8 
8845.9(13) 8845.9(13) 
Density, g cm"' 1.031 1.036 
Abs coefficient, mm-i 0.372 0.419 
Reflection collected 47986 47658 
Unique data measured 7795 7796 
Obs. data with I>2o{I) 5867 4623 
No. of variable 378 408 
Final R indices [I>2o{I)Y 及 1 = 0.0843 R\ = 0.1010 
wRl = 0.2354 滅 2 = 0.2561 
R indices (all data)“ = 0.1065 R1 = 0.1458 
wR2 = 0.2565 wR2 = 0.2823 
« = 2 丨丨F�| - 丨丨 / S |FJ ； wR2 二 {E - F/W 丨 E 
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Table A-5. Crystallographic data for compounds 11 and 12. 
n 12 
Mol formula C67Hio4Fe2N804Si4 C40H72C02N4O4 
Mol weight 530.70 790.88 
Crystal size, m m ^ 0.45 x 0.42 x 0.35 0.52 x 0.36 x 0.33 
Crystal system Monoclinic Triclinic 
Space group CUc pi 
a, A 32.919(1) 9.225(1)‘ 
b,k 16.085(7) 9.502(2) 
c, A 15.667(7) 12.798(2) 
爲 deg 115.320(1) 73.553(4) 
Z 4 1 
7499.0(6) 1074.0(3) 
Density, g cm"' 1.160 1.223 
Abs coefficient, mm"^ 0.498 0.813 
Reflection collected 18917 73 80 
Unique data measured 5885 5091 
Obs. data with/>2a(i) 4171 1838 
No. of variable 413 226 
Final R indices [/> R\ = 0-0512 Rl = 0.0828 
應 = 0 . 1 3 7 1 • 二 0.1799 
R indices (all data/ Rl = 0.0759 R\ = 0.2085 
wR2 = 0.1497 WR2 = 0.2306 
丨 F。丨；= {S [W(i^。2 - Fe2)2] / Z 卜(7^。2)2]广 2 
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Table A-6. Crystallographic data for compounds 15 and 16. 
15 16 
Mol formula CaAHsgLiNiSi QsHjgLiNsSi 
Mol weight 418.62 419.61 
Crystal size, m m ^ 0.56 x 0.48 x 0.46 0.93 x 0.68 x 0.45 
Crystal system Monoclinic Triclinic 
Space group Pljc p\ 
a, A 8.2152(8) 9.795(4) 
b,A 25.198(2) 11.324(4) 
c，A 13.1402(12) 12.284(5) 
p, deg 93.696(2) 92.675(9) 
Z 4 2 
2714.5(4) 1319.7(9) 
Density, g cm"^ 1.024 1.056 
Abs coefficient, mm"' 0.102 0.106 
Reflection collected 18162 7142 
Unique data measured 6527 4614 
Obs. data with/>2o(7) 2794 2216 
No. of variable 272 272 
Final R indices [I>2o{I)Y 们 二 0.0495 尺 1 = 0.0810 
0.1349 慮 = 0 . 2 1 8 0 
R indices (all data)� 及 1 二 0.1277 R1 = 0.1400 
wR2 = 0.1662 wi?2 = 0.2617 
|FJ ； wR2 = {Z [w(F/ — F.'f] / E [w(F�2)2]} "2 
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Table A-9. Crystallographic data for compounds 23 and 24. 
23 24 
Mol formula C24H39ClFeN4Si4 CAsHs^FeNsSi: CvsH^CoaNioSig 
Mol weight 502.98 763.01 1415.96 
Crystal size, m m ^ 0.34 x 0.29 x 0.25 0.65 x 0.56 x 0.53 0.45 x 0.43 x 0.28 
Crystal system Triclinic Monoclinic Triclinic 
Space group p\ Pl^/n p\ 
a, A 7.9613(8) 10.414(4) 10.9563(9) 
b,k 10.053(1) 18.633(7) 11.6745(9) 
c,A 18.026(1) 23.860(9) 17.633(1) 
/?,deg 98.285(2) 93.964(8) 104.354(2) 
Z 2 4 1 
厂,入3 1393.9(2) 4619(3) 2038.1(3) 
Density, g cm-3 1.198 1.097 1.154 
Abs coefficient, mm'^ 0.697 0.411 0.511 
Reflection collected 9892 26110 13501 
Unique data measured 6618 11012 9622 
Obs. data with/>2a(7) 3894 5890 6064 
No. of variable 281 458 425 
Final R indices [/> 2o(I)r 们 二 0.0424 Rl = 0.0515 R\ = 0.0465 
wR2 = 0.0929 wR2 = 0A40S wR2 = 0.1112 
R indices (all data)“ Rl = 0.0854 = 0.1038 二 0.0802 
虚 = 0 . 1 0 9 5 滅 2 = 0.1624 滅 2 = 0.1312 
|FJ ； wR2 = {Z — F/)']丨 S [w{F 
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Table A-9. Crystallographic data for compounds 23 and 24. 
23 24 
Mol formula CysHioiFesNsOsSi* C36H46N4NiSi2 C36H46Cu2N4Si2 
Mol weight 1439.57 946.66 718.03 
Crystal size, m m ' 0.45 x 0.40 x 0.38 0.73 x 0.29 x 0.27 0.70 x 0.52 x 0.39 
Crystal system Monoclinic Triclinic Monoclinic 
Space group Cllc p\ 户2i/c 
a,k 21.245(4) 12.3641(9) 8.8202(5) 
办，A 24.262(5) 12.4981(9) 16.0642(9) 
c ,A 17.208(4) 14.484(1) 13.4733(8) 
p, deg 113.609(4) 109.071(2) 103.172( 1) 
Z 4 2 2 
厂,入3 8127(3) 1816.0(2) 1859.0(2) 
Density, g cm-3 1.176 1.188 1.283 
Abs coefficient，mm-i 0.633 0.629 1.237 
Reflection collected 26497 12250 12386 
Unique data measured 9814 8591 4473 
Obs. data with I> 2o{I) 5502 6473 3281 
No. of variable 415 388 199 
Final R indices [I>2o{Dr 灭 1 二 0.0488 R\ = 0.0415 Rl = 0.0384 
滅 2 = 0.1201 = 0.1185 隱 = 0 . 0 9 7 9 
R indices (all data广 R\ 二 0.0980 Rl 二 0.0571 仍=0.0584 
滅 2 = 0.1399 wR2 = 0A270 隱 二 0.1086 
二 2：丨 IFol - Fel I / E \Fo\ ； WR2 = {I： [wOP。2 -FeY] / Z 
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Table A-9. Crystallographic data for compounds 23 and 24. 
23 24 
Mol formula C24H39ClN4SiZn CsdHsgCdClNgSi 
Mol weight 512.50 559.53 
Crystal size, m m ' 0.48 x 0.46 x 0.38 0.23 x 0.19 x 0.15 
Crystal system Triclinic Monoclinic 
Space group p\ Pl^lc 
a, A 7.8889(7) 17.246(7) 
b,A 10.1281(9) 10.729(4) 
c, A 18.0077(17) 15.108(6) 
^,deg 98.378(2) 101.540(9) 
Z 2 4 
1389.0(2) 2738(2) 
Density, g cm-3 1.225 1.357 
Abs coefficient, mm"' 1.041 0.956 
Reflection collected 9425 12325 
Unique data measured 6561 3955 
Obs. data with I>2o{I) 4524 2540 
No. of variable 280 280 
Final R indices [/> 2o{I)r 们=0.0379 机=0.0495 
滅 2 = 0.0923 wR2 = 0.1126 
R indices (all data)" Rl = 0.0603 机=0.0848 
wR2 = 0.1004 wR2 = 0.1272 
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